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The rice stink bug, Oebalus pugnax (F.), is an important late season pest of rice
that is noted for causing grain yield and quality reductions in the United States. This
study investigated rice injury using field cages in two rice cultivars (‘Cocodrie’ and
‘Wells’) at bloom, milk, and soft dough stages and O. pugnax ecology in the Delta
Region of Mississippi.
Specific objectives were: 1) to determine the impact of adult O. pugnax
infestation on rice yield and grain quality at bloom, milk, and soft dough stages of rice
development; 2) to determine the impact of adult O. pugnax gender and infestation
duration on rice yield and grain quality at the milk stage of panicle development; 3) to
identify and examine the seasonal abundance and phenology of O. pugnax on noncultivated host grasses; and 4) to evaluate feeding preference and development of O.
pugnax on host grasses.
Rice injury increased as O. pugnax density increased. The bloom and milk stages
were the most vulnerable to blank and discolored kernels, respectively. O. pugnax
feeding injury was significant after 3 d of infestation duration during the milk stage of

panicle development. Female O. pugnax caused a greater percentage of blank kernels
compared to males.
A survey of O. pugnax hosts indicated that Italian ryegrass, Lolium perenne L.
ssp. multiflorum and winter wheat, Triticum aestivum L., were important hosts during
spring and early summer. Junglerice, Echinochloa colona (L.) Link; crabgrass spp.,
Digitaria spp. Haller; southwestern cupgrass, Eriochloa acuminata (J. Presl) Kunth; and
praire cupgrass, Eriochloa contracta (Hitchc.), were important hosts for O. pugnax
during early to mid-summer. Browntop millet, Urochloa ramosa, and broadleaf
signalgrass, Urochloa platyphylla, supported adult O. pugnax prior to overwintering. In a
choice test of wild host grasses, junglerice was the most preferred over 10 other host
grasses. In the no-choice test, mean development time was shorter and survival was
greater for O. pugnax nymphs reared on rice, Oryza sativa L., compared to dallisgrass,
Paspalum dilatatum Poir and junglerice. These results provide biological and ecological
information on which new O. pugnax integrated pest management practices can be
developed.
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CHAPTER I
REVIEW OF LITERATURE

1.1

Introduction
Rice is an annual grass (Family: Poaceae) belonging to the genus, Oryza. Two

cultivated and twenty uncultivated species of the genus Oryza have been reported
(Vaughan 1994). Researchers have traced the origin of two cultivated species, the Asian
rice, Oryza sativa L., and the African rice, Oryza glaberrima Steud.O. sativa is the most
cultivated species worldwide (Vaughan 1994). Rice is cultivated in a wide range of
environmental conditions, from latitude 53° N to 40° S (Vaughan 1994). Rice is the
second most important cereal crop and the most important cereal crop consumed
exclusively by humans worldwide (Khursh 1997). Rice is a staplethat provides
approximately 30% of the food energy and 20% of the protein requirement for over 50%
of the world’s population (Nguyen and Ferrero 2006). In 2011, more than 114 countries
are engaged in rice production with an estimated yield of 453.2 million tons (milled
basis) produced on 156.6 million ha (Childs and Baldwin 2012).
Rice was first introduced into the U.S. about 1646 and 1685 along the James
River Valley of Virginia and South Carolina, respectively (Mackill and McKenzie 2003).
It was later introduced in Louisiana around 1781(Mackill and McKenzie 2003). Virginia
and South Carolina are currently out of rice production (Mackill and McKenzie 2003).
The Arkansas Grand Prairie, Mississippi Delta, Gulf Coast, and Sacramento Valley of
1

California produce the majority of the rice in the U.S. Therefore, Arkansas, California,
Louisiana, Mississippi, Missouri, and Texas are the primary rice producing states. Since
the twentieth century, rice cultivation in the U.S. has grown from small-scale, laborintensive production to a relatively mechanized, capital-intensive, and highly
commercialized form of production (Mackill and Mckenzie 2003, Snipes et al. 2004).
Although the U.S. currently accounts for approximately 1.5% of the world’s rice
production, it is the only North American exporter and the largest non-Asian rice
exporter, ranked third worldwide behind Thailand and Vietnam (Childs and Baldwin
2012). In Mississippi, commercial rice production was started by Mr. Rex Kimbrell with
approximately124 ha of rice cultivated in 1948 near Greenville, Washington County, MS
(Miller and Street 2008). Over the past 30 years, Mississippi rice production has
fluctuated from 52,500-129, 000 ha annually, ranking fourth behind Arkansas, California,
and Louisiana (Childs and Baldwin 2012, Walker et al. 2012).
1.2
1.2.1

Rice Development and Associated Pests
Rice Development
Rice is divided into four broad developmental phases: the seedling, vegetative,

reproductive, and ripening phases (Vergara 1991, Chaudhary et al. 2002, Mackill and
McKenzie 2003). The phases are subdivided into stages. The seedling phase includes
seed germination and emergence. The vegetative phase includes: tillering, stem
elongation, and panicle initiation, while the reproductive phase refers to panicle heading
(panicle exertion or boot stage) and flowering stages. The grain filling phase includes the
milk, soft and hard dough stages, and finally grain maturity. Conventional rice cultivars
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require about150 days to maturity, while hybrid rice may require shorter periods
maturing, approximately 90 days after planting.
1.2.2

Rice Pests
The yield potential of modern rice varieties is seldom attained due to disease,

insect attack and competition from weeds (Nguyen and Ferrero 2006). Insect pests
constitute a major limiting factor onrice yields worldwide (Mackill and McKenzie 2003,
Dale 1994).Dale (1994) estimated over 800insect pest species that attack rice during
growth and development. Grain sucking pests are most destructive from heading through
maturity. Leaf feeders cause defoliation in rice, and sap sucking insects pierce through
rice tissues to feed on the sap of leaves and stems. Stem borers bore through the stems,
while root feeders feed on the rootsystem (Mackill and McKenzie 2003, Dale 1994). I n
storage, storage insect pests attack rice. Insect pests constitute a serious biotic stress in
rice, causing direct and/or indirect injury (Mackill and McKenzie 2003, Dale 1994). In
certain situations, the pressures from biotic stress have resulted in widespread insect
outbreaks. Overthe last 2000 years, Korea and Japan provide an historical account of rice
insect outbreaks. Similarly, over the last 300 years, migratory locust and the brown
planthopper outbreaks that occurred in the Ise District of Japan were among the worst
instancesof insects destroying rice that rendered 2.6 million people hungry and 12,000
people dead (Heinrichs 2009).
The rice stink bug, Oebalus pugnax (F.), and the rice water weevil, Lissorhoptrus
oryzophilus Kuschel are key pests of rice in the U.S. These insects cause significant
reductions in the quantity and/or quality of rice produced each year. L. oryzophilus is an
early season pest of rice while O. pugnax is a late season insect pest that attacks rice from
3

panicle emergence through grain maturity. O. pugnax is widely noted as the most
injurious late season insect pest of rice in all rice producing states except California
(Douglas and Ingram 1942). Mississippi rice growers and researchers consider O. pugnax
as the most important insect pest of rice (Collum 2005).
1.3
1.3.1

Taxonomy and Distribution
Taxonomy
O. pugnax belongs to the family Pentatomidae, in the order Hemiptera. O. pugnax

is commonly called the “rice stink bug” because of its distinct preference for rice
compared to other host plants. Howard was the first to observe O. pugnax as a rice pest
in North America as later reported by Riley (1882). The characteristic emission of
volatile chemicals from the scent glands when threatened has given it the additional
description “stink bug”. The scent glands contain chemical compounds for defense and
alarm functions (Hamm 2011). Hamm (2011) analyzed the metathoracic gland contents
and found n-tridecane as the most abundant chemical compound. Other compounds
include alkenes and esters, as well as some straight chain alkanes (Hamm 2011).
The scientific name, Oebalus pugnax, has been reviewed several times by
different authors (Sailer 1944). These reviews assigned different scientific names such as
Cimex pugnax Fabricius, 1775; Cimex typhoeus Fabricius, 1803; and Pentatoma
orthocantha Palisot de Beauvois, 1805. Others include Pentatoma augur Say, 1831;
Cimex vitripennis Burmeister, 1835; Moridea typhoeus (Fabricius), Dallas, 1851;
Pentatoma typhoeus (Fabricius) Guerin Meneville, Sagra, 1857; Oebalus typhoeus
(Fabricius) Stal, 1862. Oebalus pugnax (Fabricius) Stal, 1868; Oebalus typhaeus
(Fabricius) Glover, 1876; Pentatoma (Mormidea) typhaeus (Fabricius) Stal, 1883; and
4

Solubea pugnax (Fabricius) Bergroth, 1891. The final controversy ended with the
acceptance of the genus Solubea as a synonym of Oebalus.
1.3.2

Distribution
In the U.S., O. pugnax can be found east of the Rocky Mountains, and as far north

as New York, Southern Minnesota, and Southern Michigan to the Gulf Coast north of
Mexico (Panizzi et al. 2000, Sailer 1944). O. pugnax have been reported in Cuba and the
West Indies (Panizzi et al. 2000, Dale 1994, Sailer 1944).
1.4
1.4.1

Biology and Lifecycle of O. pugnax
Biology
Adult O. pugnax show sexual dimorphism. Nilakhe (1976a) documented the

mating behavior of O. pugnax in detail. Typically, males initiate the courtship by a premating behavior that involves antennal vibration and extension of the genitals to the
female. This may be followed by striking the female antennae or walking with the
female while striking (Nilakhe 1976a). Further advances of the male may include raising
the end of the female abdomen upwards with the head about 10 to 15 times (Nilakhe
1976a). Contact may be made between male and female genitalia at this time. Coupling
can occur within 5 minutes in receptive females, but unreceptive females will decline by
a kick to ward off the male, or simply by walking away. Mating can occur during the day
or evening (McPherson and McPherson 2000, Nilakhe 1976a). Individual pairs of adult
O. pugnax mate about 34.1 times during their lifetime (Nilakhe 1976a), and females live
longer than males with an estimated lifespan of 68 days compared to 43 days for males
(Nilakhe 1976a).
5

1.4.2

Lifecycle of O. pugnax
O. pugnax goes through three developmental life stages: egg, nymph and adult.

1.4.2.1

O. pugnaxAdult
Adult O. pugnax are straw colored, shield shaped, about 1.02-1.27 cm long with a

slightly elongated and tapered body towards the abdomen. O. pugnax is differentiated
from other pentatomids by two visible humeral spines that sharply project forward over
the shoulders. O. pugnax overwinters as an adult in bunch grasses (Nilakhe 1976a,
Douglas and Ingram 1942, Douglas 1939), trash (Odglen and Warren 1962), or under leaf
litter (Way 1990). Adults begin overwintering in October and emerge in spring when
environmental conditions become favorable (Nilakhe 1976a). Overwintering females go
into diapause unmated with an accumulation of fat bodies (Nilakhe 1976a). Males
emerge from overwintering sites approximately 10 days before females (Nilakhe 1976a).
Feeding begins immediately after emergence, exclusively on heading grasses (Nilakhe
1976a, Bowling 1967, Odglen and Warren 1962, Douglas and Ingram 1942, Douglas
1939). Mating and reproduction starts immediately with one or two generations
produced on wild host grasses before rice starts to head. Nilakhe (1976a) compared the
number of eggs laid by freshly emerged females from overwintering to those of second
generation females and found no difference. In the southern U.S., four to five
generations per year have been reported (Douglas and Ingram 1942, Douglas 1939,
Ingram 1927). However, a sixth generation is possible depending on the environment
within a given year.
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1.4.2.2

O. pugnax Eggs
Female O. pugnaxlays barrel-shaped eggs, usually in two alternating rows,

cemented in clusters of 10 to 47 (Pathak 1968, Bowling 1967, Odglen and Warren 1962,
Douglas and Ingram 1942, Douglas 1939). Freshly laid eggs are light green, but turn
reddish black when maturing, and finally become dark just before eclosion (Nilakhe
1976a, Bowling 1967, Odglen and Warren 1962). Eggs are deposited on stems, leaves or
panicles of host grasses. Nilakhe (1976a) reported no difference in fecundity between
mated and unmated females. The number of eggs deposited during the lifetime of female
O. pugnax depends on the host plant. Laboratory investigations on the fecundity of O.
pugnax suggest that females reared on rice oviposit on average 915 eggs, compared to
545 and 491 eggs reared on vaseygrass, Paspalum urvillei Steudel, and barnyardgrass,
Echinochloa crus-galli L., respectively (Nilakhe 1976a). The duration of egg hatch and
nymphal development is temperature dependent (Bernhardt 2009, Naresh and Smith
1983). The higher the temperatures, the shorter the duration of egg hatch (Bernhardt
2009). However, temperatures above 37.8°C have been reported to cause mortalityof
eggs (Bernhardt 2009). Esselbaugh (1948) observed an egg incubation period of 4-8
days, while Douglas and Ingram (1942) reported 4 - 5 days.
1.4.2.3

O. pugnax Nymphs
Nymphs pass through five instars prior to adulthood. The first instar is

approximately 0.10 cm in size, nearly oval, black, with two to three black spots on a red
abdomen (Douglas and Ingram 1942). First instars usually do not feed, but remain
clustered around the empty egg shells until molted into second instars when the nymphs
begin feeding. This behavior allows the nymphs to acquire symbionts from egg shells
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reported to have been deposited by females at the time of oviposition (Panizzi 1997).
This mechanism seems to involve vertical transmission of symbionts that is thought to
have an effect on nymphal development and oviposition in females (Prado and Zucchi
2012, Prado et al. 2006,). Nezara viridula (L.) reared at 20°C in the absence of
symbionts had a longer mean nymphal development time, and in some instances, females
never laid eggs (Prado et al. 2009, Prado et al. 2006). Nymphs grow from first instar
through fifth instar. Late instars are differentiated from early instars by the development
of wing pads. Additionally, later instars change in body color from reddish black to light
brown, much like the adult O.pugnax (McPherson and McPherson 2000). Depending on
the prevailing environmental conditions, approximately 15 - 28 days are required to
complete nymphal development (Douglas and Ingram 1942, Douglas 1939, Ingram
1927). Esselbaugh (1948) estimated 30 d for mean nymphal development time. Rashid
et al. (2005a) determined the effect of temperature on O. pugnax development and
reported a mean development time of 17.9 d from egg to adult at 29 ± 2ºC, compared to
31.6 and 36.8 d at 23 ± 2ºC and 21 ± 2ºC, respectively. However, higher temperatures
have been shown to cause lethal conditions to immature O. pugnax (Rashid et al. 2005a,
Bernhardt 2009).
Naresh and Smith (1983) did not find a difference in mean development time
between rice and vaseygrass when O. pugnax was reared from egg to adult at 30ºC.
However, O. pugnax reared on sorghum, Sorghum bicolor (L.) had a significantly shorter
mean development time. These findings suggest that both temperature and host plant
may play a major role in the rate of development of O. pugnax.
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1.5

Economic Damage of O. pugnax
The feeding activity of O. pugnax in rice has been described in detail by several

authors (Patel et al. 2006, Bowling 1967, Odglen and Warren 1962, Swanson and
Newsom 1962, Douglas and Ingram 1942, Ingram 1927). Adults and nymphs feed
similarly and cause similar injury in rice (Ingram 1927). O. pugnax feeds by piercing
rice kernels with modified piercing-sucking mouthparts through the exertion of
mechanical pressure, and injection of enzymes contained in the salivary gland used to
dissolve and digest liquid from developing kernels (Miles 1959). The intensity of injury
may differ depending on the stage of panicle development (Espino et al. 2007, Patel et al.
2006, Naresh and Smith 1984, Bowling 1967, Douglas and Tullis 1950). The severity of
kernel damage by O. pugnax is directly related to insect density, stage of panicle
development, presence or absence of various fungi, and cultivar susceptibility
(McPherson and McPherson 2000, Bowling 1967).
Yield loss and reduced grain quality are the two main concerns when rice fields
are infested with O. pugnax (Odglen and Warren 1962, Swanson and Newsom 1962).
Feeding during the milk stage may result in empty glumes or the removal of the entire
endosperm or part of the grain content that may result in unfilled grains (Bowling 1967,
Swanson and Newsom 1962). Feeding during the soft and hard dough stages leaves a
chalky discoloration at the site of feeding and the affected grain is commonly referred to
as “pecky” rice (Gianessi 2009, Harper et al. 1993, Odglen and Warren 1962, Douglas
and Tullis 1950). “Pecky”rice is caused by the interaction of microbial fungi and O.
pugnax feeding injury. Rice with pecks can break during milling or may produce inferior
quality grains, thus reduce the milling turnout (McPherson and McPherson 2000,
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Swanson and Newsom 1962, Douglas and Ingram 1942). By the United States rice
grading system set by the Federal Grain Inspection Service (USDA-FGIS), brown rice
should not contain “pecky”rice exceeding 1 or 2% to qualify as U.S. No. 1 or U.S. No. 2,
respectively (USDA-FGIS 2009). This means that rice with peck above 2% has
decreased economic value. Tindall et al. (2005) observed that for every 1% peck in rice
there was approximately 0.5% percent reduction in milling quality. Reduction in seed
viability due to peckiness in rice grains has also been reported (Patel et al., 2006,
Swanson and Newsom 1962).
Substantial yield losses resulting from O. pugnax infestation have been reported
in all southern rice producing states. As early as the 1930’s, rice growers in Arkansas,
Louisiana and Texas suffered a 2% yield loss due to “peck” in rice valued at $473,000
per year attributed to O. pugnax damage (Gianessi 2009, Douglas and Ingram 1942).
Rice growers in the three states again in the 1940s reported a 4% yield reduction due to
empty kernels valued at $3 million because of O. pugnax injury (Gianessi 2009, Douglas
and Tullis 1950). Research studies in Texas from 1981-1984 showed that rice growers
lost $14.18 - $70.42/ha annually from O. pugnax damage (Gianessi 2009, Douglas and
Tullis 1950). In 2001, Arkansas lost $30 million in rice value due to “peck” in rice
(Johnson et al. 2003). Current reports indicate that uncontrolled O. pugnax feeding may
result in 5-10% yield loss in rice producing states ofthe U.S. (Gianessi 2009). Injury to
rice by O. pugnax has received greater attention recently because of the magnitude of
direct losses to rice growers and the indirect effects on consumers (McPherson and
McPherson 2000). Several investigators have noted that O. pugnax prefers to feed on
rice kernels at the early stage of panicle development. This observation suggests that
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yield loss can be severe at the flowering stage or during grain filling stages (Patel et al.
2006, Bowling 1967, Odglen and Warren 1962, Swanson and Newsom 1962, Douglas
and Ingram 1942, Ingram 1927).
Singh et al. (2005) noted that injury to grass and rice panicles during O. pugnax
feeding induced the release of certain volatile compounds from the host plant. The
amount of volatiles released was reported to be 4-fold greater from rice and vaseygrass
panicles compared to otherhost grasses (Singh et al. 2005). The production and release of
volatiles from host panicles resulted from the combined effect of mechanical injury from
penetration of styletsand chemical constituents from the saliva of O. pugnax (Singh et al.
2005). It is not known if these volatiles could serve as cues to attract O. pugnax or their
natural enemies into rice fields when these volatiles are released.
1.6

Impact of Host Plants on O. pugnax Survival and Abundance
O. pugnax are active from the last week of May when they emerge from

overwintering sites through October, when the insects return to overwintering sites. O.
pugnax numbers increase after feeding on wild host grasses until rice starts to head. O.
pugnax is polyphagous; feeding on a wide range of grasses, both cultivated and noncultivated. The host grasses serve as overwintering sites (Nilakhe 1976a, Odglen and
Warren 1962) and fertile habitat (Panizzi 1997). From host plant feeding preference
studies, rice is known as the only host grass highly preferred for both nymphal
development and adult reproduction (Naresh and Smith 1984). Therefore, when rice
starts to head, O. pugnax will abandon other host grasses and move into rice fields to
feed. Other cultivated host plants fed on by O. pugnax include corn, Zea mays L.; wheat,
Triticum aestivum L.; barley, Hordeum vulgare L.; rye, Secale cereale L.; oats, Avena
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sativa L; and sorghum, Sorghum vulgare Pers. (Odglen and Warren 1962). Douglas and
Ingram (1942) found wild hosts species fed on by O. pugnax included: barnyardgrass,
Echinochloa crus-galli (L.)Beauv.;junglerice, Echinochloa colonum (L.) Link; large
crabgrass, Digitaria sanguinalis (L.)Scop.; fall panicum, Panicum dichotomiflorum
Michx,; vasey grass, Paspalum urvillei Steudel; and littleseed canary grass, Phalaris
minor Retz. Douglas (1939) previously observed O. pugnax feeding on Paspalum
longipilum Nash, Paspalum fasciculatum Swartz, and bermudagrass, Cynodon dactylon
(L.) Pers. Odglen and Warren (1962) listed additional wild host species including:
dallisgrass, Paspalum dilatatum Poir; sedges, Carex spp., barnyardgrass species such as
Echinochloacrus-gallis var. mitis (Pursh) Peterm., Echinochloa crus-galli (L.) Beauv.var.
crus-galli; nodding beaksedge, Rhynchospora inexpansa (Michx) Vhal., gaping grass,
Panicum hians Ell.; flooding mannagrass, Glyceria septentrionalis Hitchc.; common
rush, Juncus effuses L.; knotgrass, Paspalum distichum L.; Johnsongrass, Sorghum
halepense (L.) Pers.; and crabgrass spp., Digitaria spp. Other hosts documented include
foxtail spp, Setaria spp. (McPherson and McPherson 2000, Garman 1891), Italian
ryegrass, Lolium perenne L.ssp. multiflorum Lam. (Husnot) (Lee et al. 1993), Urochloa
fusca (Swartz) Hansen & Wunderlin, Texas signalgrass Urochloa texana (Buckley)
Webster, Paspalum pubilflorum Ruprecht, and Panicum coloratum (Hall and Teetes
1981). Apart from host grasses, O. pugnax has been reported to prey on the “cotton
worm” Alabama argillacea (Hübner) (Lugger 1900).
The ability of O. pugnax to colonize, feed and reproduce on a wide range of host
plants facilitates its status as an economic pest. Abundance of suitable host grasses
during spring promotes early reproduction and thus impacts population dynamics of O.
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pugnax. The availability and seasonal pattern of host plants can cause changes in the
distribution and abundance of O. pugnax.
1.7

Impact of O. pugnax Infestations on Rice Yield and Quality
Douglas and Tullis (1950) investigated O. pugnax damage in rice with cages

infested at varying densities and found that the percentage of pecky rice ranged from 5 to
76%. The average number of pecky kernels was lower in the control compared to
infested cages. Additionally, the actual grain weight was reduced by 32% in infested
cages. Swanson and Newsom (1962) examined the effects of yield and quality on five
rice varieties at varying infestation levels of nymph (late instar) and adult O.pugnax. The
results indicated that the highest infestation density reduced totalgrain yield by 50%,
increased the percentage of kernel damage, and adversely affected milling yield.
Swanson and Newsom (1962) concluded that when infestation levels were 7 to 8 O.
pugnax per 1,000 panicles, there couldbe enough reduction in grain quality to justify a
lower price. Additionally, O. pugnax has been reported to have a greater impact on grain
qualityin short to medium grain varieties than in long grain varieties (Swanson and
Newsom 1962). Bowling (1963) infested cages with insect densities of 0, 1, 2, and 4
adult O. pugnax per 929cm2 in rice, resulting in reduced total yield and milling yield with
increases in pecky rice at higher infestation densities. Rolston et al. (1966) compared
peckiness between medium grain and long grain rice varieties, and found that medium
grain rice varieties were more susceptible to peckiness from O. pugnax injury.
Infestations of 0, 1, 2, 3, 4, and 5 pairs of adult O. pugnax per cage at the milk stage of
panicle development significantly reduced the percentage of filled grains and total grain
weight at higher infestation densities compared to the control (Robinson et al. 1980).
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Patel et al. (2006) infested individual rice panicles with one or two O. pugnax and
observed more blank kernels from infestations during anthesis and early milk stages than
during the later stages of panicle development. More discolored kernels were reported
from infestations during the late milk and soft dough stages, compared with the hard
dough stage (Patel et al. 2006).
Espino et al. (2007) investigated the stage of rice panicle development most
susceptible to O. pugnax in caged experiments, and observed no impact on the weight of
filled kernels per cage. However, the number of empty glumes per cage was impacted in
two of four experiments conducted. Panicles infested during the dough and milk stages
were reported to have a higher percentage of pecky kernels.
1.7.1

Pecky Rice and Associated Fungi
Pecky rice is more of a quality issue than a yield loss issue, and is frequently used

to describe grain discoloration caused by O. pugnax. Pecky rice is often structurally weak
and will break under mechanical stress during milling (Douglas and Ingram 1962,
Swanson and Newsom 1962, Douglas 1939). Douglas and Tullis (1950) investigated
symptoms of pecky rice and noted that discolored kernels could be of three categories.
The first category was designated the O-type, and was typical of insect damage
commonly referred to as peck. This category was characterized by rough circular lesions,
sunken, with or without discoloration. The second group was the D- type, commonly
referred to as discolored. These kernels were typically a brown to black color, with
yellow or red discoloration on part or the entire kernel. This category may occasionally
have small, black, sclerotial bodies under the kernel coat. The third type, was the L-type,
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typical of linear black discoloration found at the base of the kernel, but could be on the
tip or side. This group often has a broken kernel coat.
Helm (1954) described rice peck as a group of discolored rice grains typical of a
bull’s eye peck, and noted that peck damage was not visible until the rice was harvested
and hulled. The amount of peck damage depended on the stage of panicle development
and varied between states (Helm 1954). Lee and Tugwell (1980) examined long grain
rice kernels from commercial fields and found that there were three types of damage:
brown spot on the hull caused by Helminthosporium oryzae Breda de Haa (= Bipolaris
oryzae), hull discoloration caused by Curvularia lunata (Cochliobolus lunatus), and
kernels with chalky portions due to insect damage. The combined effect of fungi and O.
pugnax caused yield losses of 3.4-12.7% (Lee and Tugwell 1980).
1.7.2

O.pugnax, Pecky Rice and Associated Fungi
The relationship between O. pugnax and fungi as causes of pecky rice (kernel

discoloration) is unclear. Numerous studies have investigated the causes of peck in rice
(Lee et al. 1993, Hollay et al. 1987, Marchetti and Petersen 1984, Bowling 1979, Douglas
and Tullis 1950). Deposition of feeding punctures or stylet sheaths have been used as
evidence of feeding by O. pugnax on grain kernels (Bowling 1979). These structures are
thought to serve as entry points for fungi into rice kernels (Odglen and Warren 1962,
Douglas and Ingram 1942, Ingram 1927). Thus, fungi may gain entry into rice kernels
passively through these openings or may be vectored by O. pugnax (Douglas and Tullis
1950). O. pugnax has been reported to facilitate fungi entry into rice kernels because of
the holes created by the stylet during feeding (Hollay et al. 1987, Bowling 1979).
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Hollay et al. (1987) observed the presence of fungi in the interior and exterior
walls of sheath openings, and around wound sites, but argued that the presence of sheaths
was not conclusive of stylet penetration into the rice kernel. Marchetti and Petersen
(1984) observed that O. pugnax feeding was the major factor in kernel discoloration and
noted that Bipolaris oryzae (Breda de Haan), the causal organism of brown spot in rice,
was perhaps the main cause of kernel discoloration. However, there are many other fungi
that invade kernels to cause discoloration.
Mitchell (2004) identified nine fungi that caused kernel discoloration in rice, most
of which were either isolated from stylets or saliva of O. pugnax, or were simply found in
association with feeding injury of O. pugnax. Lee et al. (1993) isolated three of the nine
fungi that include: Alternaria alternata (Fr.) Keissler, Bipolaris sp. and Curvularia
lunata (Wakker) from the saliva or stylets of O. pugnax. Others reported associated with
rice were, Bipolaris oryzae (Breda de Haan) Schoem., Cercospora oryzae Mij,
Trichoconis caudata (Appel and Strunk) Clements, Fusarium oxysporum Schlectendahl.,
Nematospora coryli Peglion, and Nigrospora oryzae (Berkeley and Broome) (Mitchell
2004).
Fungi identified that cause kernel discoloration in rice have also been found
associated or isolated from alternate wild hosts of O. pugnax(Tindall et al. 2005). In
particular, Curvularia lunata, a common fungus, has been isolated or found in association
with seeds of barnyardgrass, Echinochloacrus-galli (Tindall et al. 2005). This may
indicate that O. pugnax could be acting as a vector, having acquired the fungus from an
infested wild host during feeding. Lee et al. (1993) concluded that kernel discoloration
was the result of fungi introduced by O. pugnax during the feeding process, but was
16

quick to note that the vector relationship was a rather weak one. Ryker and Douglas
(1938) observed that the prevalence of pecky rice depended on fungal and O. pugnax
abundance. In separate field experiments, Ryker and Douglas (1938) reported a higher
percentage of pecks in fields that were infested with high levels of Helminthosporium
oryzae than fields infested with high densities of O. pugnax. In contrast, fields that were
heavily infected with Helminthosporium oryzae and with higher densities of O. pugnax
had the greatest percentage of peck damage. These experiments suggest that pecky rice
could occur in the absence of O. pugnax. However, the presence of O. pugnax increases
the incidence of peckiness.
1.8

Factors Affecting O. pugnax Activity and Abundance

1.8.1
1.8.1.1

Abiotic Factors
Temperature
Temperature has been shown to be one of the most important factors regulating

the abundance of O. pugnax (Rashid et al. 2005b, McPherson and McPherson 2000,
Naresh and Smith 1984, Odglen and Warren 1962, Douglas and Ingram 1942).
1.8.2
1.8.2.1

Biotic Factors
Host Plants
Host abundance and host suitability have been reported to favor O. pugnax

abundance. The availability of suitable hosts influences movement, feeding and
reproduction. Nymphal development and adult reproduction has been shown to vary
widely among host plant species (Rashid et al. 2005b, Naresh and Smith 1984, Odglen
and Warren 1962). O. pugnax prefer to feed on rice compared to other host grasses
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(Rashid et al. 2005b, Naresh and Smith 1984, Nilakhe 1976a). Female O. pugnax reared
on various grass species laid fewer eggs compared to those reared on rice (Rashid et al.
2005b, Naresh and Smith 1984, Nilakhe 1976a). The mean development time of nymphs
has been reported to be shorter on rice compared to other host grasses (Rashid et al.
2005b, Naresh and Smith 1984, Nilakhe 1976a).
Barnyardgrass, Echinochloa crus-galli L. (Tindall et al. 2005, Odglen and Warren
1962) and vasey grass, Paspalum urvillei Steudel (Naresh and Smith 1984, Douglas and
Ingram 1942) have been citedas most preferred among the wild host species by O.
pugnax. The availability and suitability of these wild host species is important for
increase in population densities of O. pugnax prior to heading of rice.
1.8.2.2

Parasitoids
Parasitoids and predators potentially reduce the abundance of O. pugnax.

Scelionid wasps (Hymenoptera: Scelionidae), Ooencyrtus anasaeAshm., and Telenomus
podisi Ashm., are effective egg parasitoids of O. pugnax (Sudarsono et al. 1992, Douglas
and Ingram 1942). Tachinid flies (Diptera: Tachinidae), such as Gymnoclytia
immaculata (Macquart), Beskia aelops (Walker), Euthera tentatrix Loew, and
Cylindromyia euchenor (Walker), and the nyssonid wasps such asBictyrtes fodiens
(Handlirsch) (Hymenoptera: Nyssonidae) reduce the abundance of O. pugnax (Sudarsono
et al. 1992, Douglas and Ingram 1942).
1.8.2.3

Predators
The assassin bug, Nabis stenoferus Hsiao, preys on O. pugnax (Pathak and Khan

1994). The katydids (Orthoptera: Tettigonidae), Conocephalus spp., Orchelimum
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laticauda Redt., Neoconocephalus spp., and the grasshoppers (Orthoptera: Acrididae),
Melanoplus differentialis (Thos), are egg predators of O. pugnax. Ladybird beetles
(Coleoptera: Coccinellidae), lacewings (Neuroptera: Chrysopidae) and several adult
spiders such as Neoscona theisi (Walckenaer), Argiope catenulata (Dolechall) and
Tetragnatha javana (Thorell) prey on nymphs and adults (Pathak and Khan 1994). The
green tree frog (Anura: Hylidae), Hyla cinerea Scheider preys on the immature O.
pugnax (Douglas and Ingram 1942).
Birds are also important natural enemies of O. pugnax. The red-winged
blackbird, Agelaius phoeniceus littoralis Howell and Rossem, has been reported as an
effective predator of O. pugnax (Douglas and Ingram 1942).
1.8.2.4

Entomophagous Fungi
The fungus Beauveria bassiana (Balsamo) Vuillemin, and Sporotrichum

globuliferum Spegannini, have been reported to attack nymphs and adult O. pugnax
(Douglas and Ingram 1942).
1.8.2.5

O. pugnax Self Predation
Douglas and Ingram (1942) observed egg predation by third instar O. pugnax in

laboratory rearing colonies. Adults have been observed to prey on eggs in laboratory
colonies also (Personal observation). However, this is not well established in the natural
habitat.
1.9

Monitoring and Management of O. pugnax
Several tools are used in the monitoring and management of O. pugnax. Sweep

nets, visual counts, and yellow pyramid traps are some of the monitoring tools used
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toestimate O. pugnax populations (Rashid et al. 2006). O. pugnax can cause serious
economic losses to rice growers, and therefore, there is a need to determine the point at
which management decisions must be taken to minimize yield loss (Patel et al. 2006,
Rashid et al. 2006, Harper et al. 1993). Reliable monitoring procedures continue to be a
major concern to rice growers and researchers in determining economic thresholds for O.
pugnax. The sweep net is the most common and popular method used for monitoring O.
pugnax populations for decision making (Rashid et al. 2006). Generally, sweep net
sampling is conducted once or twice a week with a standard (38 cm diameter) sweep net
beginning at 50% heading until harvest (Espino and Way 2008) or beginning when 75%
of the panicles have emerged (Rashid et al. 2006). A sample consists of the number of O.
pugnax captured in ten consecutive sweeps while taking forward steps (Rashid et al.
2006). Sweep net sampling can be reliable if the diameter of net opening, the number of
sweeps, and frequency of sweeps are consistent (Walker 1990). Rashid et al. (2006)
estimated the total area sampled in 10 sweeps of a 38 cm diameter sweep net to
approximately 1.8 m2.
For proper estimation of population densities, it is recommended that at least ten
samples be taken at random locations in the field (Espino and Way 2008, Rashid et al.
2006, Bowling 1969). Sampling may be conducted during the early hours of the morning
or evenings when insects are active. Rashid et al. (2006) conducted sampling with a
sweep net on three different sunny days at 0900, 1330 and 1900 hrs, and reported lower
numbers of O. pugnaxcaptured at 1330 hrs compared to0900 and 1900 hrs. However,
Douglas (1939) observed no significant difference in time of day when O. pugnax were
sampled at 0800, 1330 and 1630 hrs. Espino et al. (2007) developed visual sampling
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methods with long sticks, T-tools, and sweep sticks to evaluate population densities of O.
pugnax. However, these are less reliable than sweep net sampling (Rashid et al. 2006).
Yellow pyramid traps have been used to predict O. pugnax density, but their
effectiveness has been questioned, as traps baited with male O. pugnax are only effective
before heading in rice (Espino et al. 2007). The sweep net, therefore, remains the most
popular sampling tool for evaluating O. pugnax population densities within rice fields.
Growers depend on insecticide application as the major control method to reduce
the incidence of O. pugnax. This is probably due to the high mobility and the relatively
short exposure of rice panicles to O. pugnax (Way 1990). Four insecticide classes are
labeled for O.pugnax control in Mississippi (Catchot 2013). These include
organophosphates (methyl parathion, and malathion), carbamates (carbaryl), pyrethriods
(lambda-cyhalothrin, gamma-cyhalothrin, and zeta-cypermethrin) and neonicotinoids
(clothianidin) (Catchot 2013, Johnson et al. 2003).
Weed control in and around rice fields may be a viable option of reducing O.
pugnax populations because of the importance of weedy grasses in building up the stink
bug population and attracting them into the rice field. Mowing grasses before flowering
or removing grassesin rice fields will reduce the incidence of O. pugnax infestation
(Tindall et al. 2005).
The use of tolerant rice cultivars could minimize the impact of O. pugnax injury
(Nilakhe 1976b). Rice cultivars have been shown to differ significantly in their
susceptibility to O. pugnax injury (Bernhardt et al. 2004, Nilakhe 1976b). Although there
is no rice cultivar that has true resistance to O. pugnax, rice cultivars have been reported
to differ in O. pugnax infestation (Bernhardt et al. 2004). In general, long grain cultivars
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are considered relatively tolerant to O. pugnax infestation compared to short and medium
grain varieties (Bernhardt et al. 2004). Using tolerant cultivars could reduce the impact
of O. pugnax damage in rice.
Monitor O. pugnax for management decisions will largely be influenced by
several factors (Walker 1990). This involves whether or not to use biocontrols, tolerant
pest cultivars, cultural control tactic, to apply insecticide or an integrated approach. The
lowest pest density at which it is economical for growers to take action is commonly
known as the economic threshold (ET). Factors that may be considered in the
determination of this threshold in rice include the price of rice, expected yield, and cost
of insecticide treatment and stage of panicle development (Espino et al. 2007). In
Mississippi, the economic threshold in rice is set at 5 O. pugnax per 10 sweeps with a
standard sweep net (38 cm diameter) during the first 2 weeks when 50% of panicles had
exerted. After this time the threshold is increased to 10 O. pugnax per 10 sweeps
(Catchot 2013).
1.10 Research Justification
In Mississippi, Italian ryegrass, L. multiflorum, is the dominant flowering grass
species at the time O. pugnax emerge from overwintering. Ryegrass has been reported to
be resistant to glyphosate herbicide (Bond and Eubank 2012). O. pugnax populations
build up on wild hostsin late spring and early summer. The abundance of wild host
grasses during the later period of summer facilitates movement of O. pugnax into rice
fields to feed (Swanson and Newson 1962, Douglas and Ingram 1942).
The relationship between O. pugnax feeding injury and its associated yield loss in
Mississippi rice has not been sufficiently elucidated compared to other rice producing
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states. Because rice growers almost exclusively depend on insecticide sprays such as
lambda-cyhalothrin, zeta cypermethrin, and methyl parathion as the main control tactic
against O. pugnax, could lead to over insecticide use (Gianessi 2009). This can increase
rice production cost. Additionally, the insecticides may directly or indirectly
affectbeneficial arthropods, the environment, applicators, and non- target pests (Walsh
and Johnson 2003).
Available literature on O. pugnax is fairly sparse and several questions remain
unanswered concerning the nature of grain injury and ecology of this pest. For instance,
the factors that mediate movement of O. pugnax from overwintering sites to grass hosts
to rice fields are not clearly understood. There seem to be some regional variations in the
extent of damage caused by the O. pugnax (Odglen and Warren 1962, Douglas and
Ingram (1942). Intensity of rice cultivation and the prevalence of wild host grasses are
some of the factors that impact O. pugnax populations and therefore, rice injury.
The prevalence of alternate host plants of O. pugnax may impact its population
dynamics, and therefore directly or indirectly reduce rice yield and quality. Evaluation of
O. pugnax ecology and its associated injury in rice in Mississippi rice production will
help better understand the economic damage associated with O. pugnax.
1.11 Objectives
The goal of this study was to provide Mississippi rice growers with information
on O. pugnax. Specifically, the objectives were:
1) To determine the impact of adult O. pugnax infestation on rice yield and quality
during three stages of panicle development (bloom, milk, and soft dough).
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2) To determine the impact of adult O. pugnax gender and infestation duration on
rice grain yield and quality at the milk stage of panicle development.
3) To examine the seasonal abundance and phenology of O. pugnax relative to host
plants.
4) To evaluate host feeding preference and determine the relative development rate
of O. pugnax on selected host grasses.
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CHAPTER II
IMPACT OF O. pugnax (F.) (HEMIPTERA: PENTATOMIDAE) INFESTATION
TIMING ON RICE YIELD

2.1

Abstract
Two field cage experiments were conducted during 2010 and 2011 at Stoneville,

MS to evaluate the impact of adult rice stink bug, Oebalus pugnax (F.), on two rice
cultivars (‘Cocodrie’ and ‘Wells’) at bloom, milk, and soft dough stages of panicle
development. One experiment used sleeve cages in a completely randomized design with
20 replications on individual rice panicles, while the other experiment had four
replications with large cages covering multiple rice panicles in a randomized complete
block design. Insect densities included 1 or 2 O. pugnax on individual panicles and 11 or
22 O. pugnax per m2 over multiple rice panicles per cage. Caged un-infested controls
were included in each experiment. Rough rice yield, percentage of clean kernels,
percentage of damaged kernels, and percentage of blank kernels were evaluated at the
end of the season. O. pugnax infestation reduced grain yield and quality in both
experiments. However, infestation timing produced varied results between cage
experiments. In the sleeve cage experiment, percentage yield loss per panicle and
percentage of blank kernels were greatest during the bloom stage. The milk stage was
most susceptible to kernel damage. In the large cages, grain yield and quality losses did
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not vary among infestation timings. These trends suggest that cage size may impact
infestation timing on grain yield and quality.
Key words: Oebalus pugnax, infestation timing, infestation density, cages
2.2

Introduction
Weed, insect, and disease pests are limiting factors in rice, Oryza sativa (L.),

production throughout the world (Chaudhary et al. 2002, De Datta 1987). The rice stink
bug, Oebalus pugnax (F.), is an important late season pest of rice in all production
regions of the U.S (Way 2003, McPherson and McPherson 2000, Swanson and Newsom
1962), except California (Gianessi 2009).
Riley (1882) was the first to report the damaging effect of O. pugnax in rice. O.
pugnax is a graminaceous feeder that prefers rice over other grasses from heading until
grain maturity (Odglen and Warren 1962, Douglas and Ingram 1942, Ingram 1927).
With piercing and sucking mouth-parts, the O. pugnax stylet penetrates into developing
rice kernels, aided by mechanical pressure and injection of saliva that carries enzymes to
facilitate digestion and enhance sap removal (Brown 2003). Stylet penetration may cause
both mechanical and chemical damage to rice kernels at the point of feeding that result in
yield and quality reduction. Both adults and nymphs feed similarly.
Rice development is generally divided into four phases: the seedling, vegetative,
reproductive, and ripening phases (Chaudhary et al. 2002, De Datta 1987). O. pugnax is
a pest of rice during the reproductive and ripening phases. The stages within the
reproductive phase includeboot (pre-flowering) and heading (flowering) stages, while the
ripening phase covers the milk, soft dough, hard dough and grain maturity stages
(Moldenhauer and Gibbons 2003, Chaudhary et al. 2002). O. pugnax injury in rice leads
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to kernel damage that can cause direct and indirect yield loss (Patel et al. 2006, Bowling
1963, Swanson and Newsom 1962). Direct injury is that associated with feeding during
the early stages of kernel development that can cause blank or partially developed
kernels, resulting in yield loss. Indirect injury is that associated with poor grain quality
caused by kernel discoloration or breakage during the milling process.
Several studies have attributed significant yield losses in rice to O. pugnax
infestation (Espino et al. 2007, Patel et al. 2006, Bowling 1963, Swanson and Newsom
1962, Douglas and Tullis 1950). Yet, the relationship between O. pugnax injury and
associated yield loss in rice remains to be sufficiently elucidated. Previous efforts to
estimate O. pugnax injury with artificial cage infestations resulted in varying conclusions
(Bowling 1967). Ingram (1927) attributed kernel discoloration (pecky rice or peck of
rice) to O. pugnax injury in rice, while Douglas and Tullis (1950) noted greater incidence
of peckiness when fungi interacted with O. pugnax during infestations as well as blank
kernels. Additionally, O. pugnax injury varied relative to stage of panicle development
with the milk and soft dough stages being the most susceptible (Espino and Way 2008,
Patel et al 2006).
The extent of kernel damage caused by O. pugnax directly affects the
acceptability and marketability of rice (Douglas and Tullis 1950). Indirectly, pecky rice
reduces milling quality and milling turnout (Douglas and Tullis 1950). In accordance
with the U.S. rice grading system, milled rice may not contain more than 1 or 2%
damaged kernels to qualify as grades 1 or 2, respectively (USDA-FGIS 2009).
To understand the impact of O. pugnax injury during various stages of panicle
development on grain yield and quality, and because current economic thresholds for O.
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pugnax in rice are based primarily on expected yield and quality losses during various
stages of panicle development, there was a need to conduct a comprehensive study from
flower to soft dough stages. Additionally, because each panicle stage is different in
kernel maturity, each stage of panicle development mayrespond differently to O. pugnax
injury.
The objective of the study was to determine the impact of O. pugnax injury on
grain yield and quality of rice at three stages of panicle development, namely; bloom,
milk, and soft dough stages. Various O. pugnax infestations densities were infested so
that pest management tactics can be used only when economically justified.
2.3
2.3.1

Materials and Methods
Experimental Site and Agronomic Practices
Field experiments were conducted with sleeve cages (20 ×25 cm) in one

experiment and large field cages (1.8 m × 1.8 m × 1.8 m) in another experiment. Both
experiments were conducted at the Delta Research and Extension Center (DREC),
Stoneville, MS during 2010 and 2011. In both experiments, two high-yielding, long
grain rice cultivars, (‘Cocodrie’ and ‘Wells’) were tested using standard agronomic
practices for Mississippi drill-seeded rice (Miller et al. 2008). The two cultivars were
seeded in separate bays adjacent each other separated by a 2 m buffer. Small plots of 8
rows (18 cm centers) by 4.57 m (6.6 m2) were drill-seeded into fine-textured alluvial soils
(Sharkey series) (Snipes et al. 2005) at 90 kg/ha on 14 Apr 2010 and 13 Apr 2011. A
total of 80 plots were seeded per cultivar each year. The plots were separated by 2 m
buffers in a north-south and east-west direction. Urea nitrogen (46% N) (Cargill LTD,
No. 26, Saint-Petersburg, FL) was applied at the rate of 202 kg/ha on 9 Jun 2010 and 1
34

Jun 2011 when rice plants were at the 5-6 leaf stage. The plots were flooded immediately
after fertilization and the flood was maintained until 2 wks before harvest.
2.3.2

Insect Collection
Adult O. pugnax were collected from heading grasses in and around Stoneville,

MS with a 38 cm sweep net (BioQuip Products, Rancho Dominguez, CA). The insects
were sorted after every 10 sweeps, placed in 29 cm × 29 cm × 29 cm Bugdorm cages
(BioQuip Products, Rancho Dominguez, CA) made of white 16 × 24 mesh polypropylene
screen. In the laboratory, O. pugnax were maintained on 10% sugar solution for at least
12 h prior to infestation.
2.3.3

Stage of Panicle Infestation
Determination of panicle stage for O. pugnax infestations followed Moldenhauer

and Gibbons (2003). O. pugnax infestations occurred when approximately 50% of the
panicles within small plots reached the bloom, milk or soft dough stage. Cultivars
differed in maturity resulting in different infestation periods. Bloom stage infestations in
‘Cocodrie’ were infested approximately 106 days after planting. Milk and soft dough
infestations were 113 days and 120 days after planting, respectively. ‘Wells’ in both
years was infested approximately one week behind ‘Cocodrie’ in all stages of panicle
development. Cages were removed weekly after each infestation. The bloom stage was
determined for infestation when 50% of the uppermost spikelets of the panicle (s) within
subplots began to flower. Similarly, the milk stage was determined for infestation when
50% of developing spikelets were milk, and filled with a milky substance. At this stage,
the milky substance will spray out when hard-pressed between fingers. The soft dough
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stage was characterized when 50% of the uppermost kernels were firm, but soft. Panicles
at this stage began to have yellowish-greenish hulls at the uppermost kernels within the
panicle.
2.3.4

Sleeve Cage Infestation
The sleeve cage infestations were conducted with adult O. pugnax infested on

individual panicles in 6.6 m2 plots during 2010 and 2011. Treatments were in a 3 × 3
factorial arrangement in a completely randomized design with 20 replications per
treatment. There were two factors: infestation timing was one factor at three levels:
bloom, milk, and soft dough stages. Infestation density was the other factor, also at three
levels: 0, 1, or 2 adult O. pugnax per panicle.
Each caged panicle was considered independent and therefore a replicate. In all,
60 individual panicles were infested per cultivar (‘Cocodrie’ and ‘Wells’) at each stage of
infestation timing for a 7 d period. Plastic tags (“Snap-on-tag” A.M. Leonard, Inc.,
Piqua, OH) were placed on caged plants at the time of infestation with the date,
infestation timing, and infestation density of O. pugnax recorded on them so that
individual panicles could be identified at harvest. Sleeve cages were made from 20 mesh
polyester/nylon netting with a drawstring to securely close the cage around the plant
stem.
‘Cocodrie’ panicles were infested during 2010 from 28 Jul to 3 Aug for the bloom
stage, 4 Aug to 10 Aug for the milk stage, and 11 Aug to 17 Aug for the soft dough stage.
‘Wells’ panicles were infested from 4 Aug to 10 Aug for the bloom stage, 11 Aug to 17
Aug for the milk stage, and 18 Aug to 24 Aug for the soft dough stage. In 2011,
infestations for ‘Cocodrie’ were from 27 Jul to 2 Aug for the bloom stage, 3 Aug to 9
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Aug for the milk stage, and 10 Aug to 16 Aug for the soft dough stage. ‘Wells’ panicles
were infested from 3 Aug to 9 Aug for the bloom stage, 10 Aug to 16 Aug for the milk
stage, and 17 Aug to 24 Aug for the soft dough stage.
At maturity (approximately 18% moisture), panicles were hand harvested
individually on 10 Sep 2010 and 8 Sep 2011, placed in brown paper bags (W12.5 cm ×
L27 cm), air dried to 12% moisture in the greenhouse and threshed manually. Resulting
kernels per panicle were placed in 37 ml Solo plastic cups (T125 0090 Solo Cup Co.,
Highland Park, IL) for examination.
2.3.5

Large Cage Field Infestation
The large cage experiments were conducted over multiple rice plants caged over

2.6 m2 plots during 2010 and 2011. The 2010 ‘Cocodrie’ trial was not included for
analysis because of herbicide drift from an adjacent soybean field which severely injured
the rice plants to the point where plants could not be used for infestation. As a result,
only ‘Wells’ was utilized for infestations in 2010.
Treatments were in a 3 × 3 factorial arrangement in a randomized complete block
design with four replications. Infestation timing was one factor and included the bloom,
milk, and soft dough stages. Infestation density was the other factor that included 0, 11,
or 22 adult O. pugnax per square meter. In all, 36 plots were infested per cultivar for 7 d
period at each panicle stage of infestation.
Cage frames were made from 1.27 cm rigid conduit (Coul, US Listed). The cages
were made from 20 mesh Lumite® screen (Lumite, Inc., Alto, GA) with a zippered
opening on one side for access. In 2010, ‘Wells’ was infested from 3 Aug to 9 Aug for
the bloom stage, from 10 Aug to 16 Aug for the milk stage, and from 17 Aug to 23 Aug
37

for the soft dough stage. In 2011, ‘Cocodrie’ was infested from 27 Jul to 2 Aug for the
bloom stage, from 3 Aug to 9 Aug for the milk stage, and from 10 Aug to 16 Aug for the
soft dough stage. In 2011, ‘Wells’ was infested from 4 Aug to 11 Aug for the bloom
stage, from 12 Aug to18 Aug for the milk stage, and from 19 Aug to 25 Aug for the soft
dough stage.
At the end of the season, 50 rice panicles were randomly harvested from each plot
by hand on 10 Sep 2010 and 8 Sep 2011, placed in brown paper bags (W30 cm × L43
cm), air dried in the greenhouse to 12% moisture and threshed manually. Resulting
kernels were placed in 0.47 liter polypropylene containers (F-K Fabri-Kal, Kalamazoo,
MI). A10 g sub-sample of grain was removed and used for damage characterization.
2.3.6

Characterization of Damage
Rice kernels were classified into three categories, namely clean, damaged, or

blank kernels. Filled kernels which included damaged and clean were first separated
from blank kernels manually by pressing individual kernels against the thumb and forefinger. Filled kernels were further separated into damaged and clean kernels. Damaged
kernels were identified by placing all of the filled kernels on a 40 cm × 46 cm light table
(PORTA-TRACE, Gagne Associates, and Binghamton, NY) that illuminated the kernels
from below with a 30-Watt bulb. The light table was placed under a laboratory hood that
provided illumination onto the kernels from the top by four 90.44 cm (36 in) 30 watt cool
white fluorescent bulbs (Philips Lighting Company, Burlington, MA). Each kernel was
examined for evidence of peckiness as described by Douglas and Tullis (1950).
Damaged kernels were identified by the following characteristics: 1) shrunken kernels
with a circular lesion that may or may not have been discolored, 2) kernels with partial or
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whole discoloration, and 3) kernels with linear discoloration. Damaged kernels with
these characteristics viewed under light through the hull were opaque and did not permit
uniform light penetration through the hull at the location of discoloration. In contrast,
clean kernels viewed under the light were translucent and permitted uniform light
penetration through the hull. Data were expressed as a percentage based on the total
number of kernels per panicle in the sleeve cage study or 10 g sample in the large field
cage study for each category.
2.3.7

Data Analysis
Statistical comparisons could not be made between cultivars in both the sleeve

and large field cage experiments, because cultivars were planted in separate blocks.
Additionally, development times were asynchronous between cultivars, resulting in
different periods of infestation between cultivars (approximately one wk apart). As a
result, each cultivar within a year was considered a test. Differences were also observed
in kernel injury or damage between stages of infestation timing within the un-infested
controls. Therefore, Abbott’s correction formula (Abbott 1925) was used to account for
the actual impact of O. pugnax injury or damage at each stage of panicle development for
all response variables.
Yield for the sleeve cage experiment was evaluated using total kernel weight per
panicle for each cultivar. Data for clean kernels, damaged kernels or blank kernels were
converted into percentages based on the respective total number of kernels sorted per
panicle. The analysis included test (cultivar within a year), infestation timing, infestation
density and their interactions as fixed effects in the model. Replication nested in test and
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replications by infestation timing nested in test were included in the model as random
effects.
Yield for the large cage experiment was determined using total kernel weight (g)
per 50-panicle sample. Data for clean kernels, damaged kernels or blank kernels were
converted into percentages based on a 10 g sample per cage on the respective total
number of kernels sorted. Infestation timing, infestation density, and their interactions
were included as fixed effects in the model. Because ‘Cocodrie’ was only used in one
year, test (cultivar within a year), replication nested in test, and replications by infestation
timing nested in test were included in the model as random effects.
In both levels of experiments, O. pugnax injury was determined using Abbott’s
correction factor to account for cage effect between stages of infestation timing. Data
were analyzed with analysis of variance using PROC MIXED (Version 9.3; Littell et al.
1996). Means and standard errors were calculated with LSMEANS and separated
according to Fisher’s Protected Least Significance Difference Test (LSD) (α=0.05).
2.4
2.4.1

Results
Sleeve Cage Infestation
Meankernel yield (total kernel weight g/panicle) from caged un-infested panicles

at different infestation timings did not vary within a test: ‘Wells’ 2010 (F = 1.83; df = 2,
56; P = 0.17), ‘Cocodrie’ 2010 (F = 2.16; df = 1, 38; P = 0.15), ‘Wells’ 2011 (F = 1.33;
df = 2, 57; P = 0.27), and ‘Cocodrie’ 2011 (F = 1.57; df = 2, 57; P = 0.22) (Table 2.1).
However, the percentage of clean kernels (F = 4.38; df = 2, 135; P<0.01), percentage of
damaged kernels (F = 3.12; df = 2, 137; P<0.01), and percentage of blank kernels (F =
5.13; df = 2, 137; P<0.01) (Table 2.2) did vary between infestation timings within a test
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(cultivar within year). Because the cage caused variable levels of damage, the impact of
O. pugnax was determined by obtaining the difference between caged un-infested and
caged infested panicles.
Table 2.1

Mean (SEM) yield (g/ panicle) of un-infested panicles per test between
sleeve cage timings
Test

Cage Timing

‘Wells’ 2010

Bloom
3.2(0.20)a

Milk
3.5(0.19)a

Soft
3.0(0.19)a

‘Cocodrie’ 2010

-

2.3(0.10)a

2.5(0.13)a

‘Wells’ 2011

3.5(0.19)a

3.3(0.23)a

3.8(0.21)a

‘Cocodrie’ 2011
2.8(0.18)a
3.1(0.17)a
Means (SEM) within a test with the sameletter case group are not
significantly different (α = 0.05)

3.2(0.16)a

Table 2.2

Mean (SEM) percentage of clean kernels, damaged kernels, and blank
kernels of un-infested panicles between sleeve cage timings across years
Kernel Category

Cage Timing

Percentage of
clean kernels

Bloom

Milk

Soft

69.5(1.97)b

68.4(1.62)b

72.5(1.52)a

Percentage of
damaged kernels

4.2(0.70)b

6.4(0.61)a

5.9(0.50)ab

Percentage of
blank kernels
26.3(1.97)a
25.1(1.62)a
Means (SEM) in the same row with the same letter case group
are not significantly different (α = 0.05)

21.6(1.31)b

The three-way interaction of test by infestation time by infestation density was not
significant for total kernel weight per panicle (F = 0.67; df = 5, 415; P = 0.65). However,
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the interaction of test and infestation timing was significant (F = 12.51; df = 5, 514;
P<0.01), so the data were re-analyzed by test. The effect of the interaction of O. pugnax
infestation timing and infestation density for total kernel weight per panicle was not
significantfor ‘Wells’ 2010 (F= 0.10; df = 2, 111; P = 0.91), ‘Cocodrie 2010’ (F= 0.45;
df = 1, 76; P = 0.50), Wells ‘2011’ (F= 0.46; df = 2, 113; P = 0.63), and Cocodrie ‘2011’
(F= 0.02; df = 2, 113; P = 0.98) (Table 2.3).
Table 2.3

Test
‘Wells’
2010

‘Cocodrie’
2010

‘Wells’
2011

‘Cocodrie’
2011

Mean (SEM) yield reduction (g total kernel/panicle) from O. pugnax
(RSB) injury from infested sleeve cages compared to un-infested
panicles(2010 – 2011)
Infestation Timing

Infestation
Density
1 RSB

Bloom
1.5(0.25)

Milk
0.7(0.23)

Soft
0.8(0.22)

1.0(0.14)A

2 RSB

1.7(0.28)

1.0(0.22)

1.1(0.23)

1.3(0.14)A

Mean
1 RSB

1.6(0.17)a
-

0.9(0.17)b
0.4(0.16)

0.9(0.17)b
0.3(0.20)

0.3(0.13)B

2 RSB

-

0.7(0.16)

0.9(0.20)

0.8(0.13)A

Mean
1 RSB

1.6(0.28)

0.5(0.13)a
0.4(0.26)

0.6(0.13)a
1.0(0.26)

1.0(0.16)A

2 RSB

2.1(0.23)

0.5(0.29)

1.0(0.36)

1.2(0.17)A

Mean
1 RSB

1.9(0.20)a
0.5(0.23)

0.5(0.20)b
1.1(0.26)

1.0(0.20)b
0.6(0.23)

0.7(0.14)A

2 RSB

0.7(0.30)

1.3(0.17)

0.8(0.26)

0.9(0.14)A

Mean

0.6(0.18)b

1.2(0.17)a

0.7(0.17)b

Means within a test with the same letter and case group are not significantly
different (α = 0.05)
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Mean

The main effect of O. pugnaxinfestation timing on kernel yield per panicle was
significantfor three tests: ‘Wells’ 2010 (F = 5.51; df = 2, 111; P<0.01), ‘Wells’ 2011 (F =
12.13; df = 2, 113; P<0.01), and ‘Cocodrie’ 2011 (F = 3.62; df = 2, 113; P = 0.03), but
not for ‘Cocodrie’ 2010 (F = 0.13; df = 1, 76; P = 0.71) (Table 2.3). In the three
significant tests, grain weight per panicle was reduced more at bloom compared to the
milk and soft dough stages (Table 2.3). The grain weight per panicle was not
significantly different at milk compared to the soft dough stage (Table 2.3). The main
effect of O. pugnax infestation density on total kernel weight per panicle was only
significant in one test: ‘Cocodrie’ 2010 (F = 6.60; df = 1, 76; P<0.01), but not in three
tests: ‘Wells’ 2010 (F = 1.63; df = 1, 111; P = 0.20), ‘Wells’ 2011 (F = 0.51; df = 1, 113;
P = 0.48), and ‘Cocodrie’ 2011 (F = 1.41; df = 1, 113; P = 0.24) (Table 2.3).
The three-way interaction of test by infestation time by infestation density was not
significant for percentage reduction of clean kernels (F = 0.20; df = 5, 413; P = 0.96),
percentage of damaged kernels (F = 0.61; df = 5, 413; P = 0.69) or percentage of blank
kernels (F = 0.45; df = 5, 413; P = 0.81). The interaction of O. pugnax infestation timing
and infestation density was not significantfor percentage reduction of clean kernels (F =
0.31; df = 4, 429; P = 0.74), percentage of damaged kernels (F = 1.64; df = 2, 429; P =
0.20) or percentage of blank kernels (F = 1.64; df = 2, 429; P = 0.19) (Table 2.4).
However, the main effect of O. pugnax infestation timing was significantfor all 3
parameters: percentage reduction of clean kernels (F = 17.40; df = 2, 429; P< 0.01),
percentage of damaged kernels (F = 12.47; df = 2, 429; P < 0.01), and percentage of
blank kernels (F = 27.37; df = 2, 429; P<0.01) (Table 2.4). The mean percentage of clean
kernels was reduced more from infestation during the bloom stage compared to the milk
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or soft dough stages. Similarly, the percentage of blank kernels was greater at bloom
compared to the milk or soft dough stages. However, the percentage of damaged kernels
was greater during the milk stage compared to the bloom or soft dough stages. The main
effect of O. pugnax infestation density was significant for all 3 parameters: percentage
reduction of clean kernels (F = 36.38; df = 1, 429; P<0.01), percentage of damaged
kernels (F = 9.63; df = 1, 429; P<0.01), or percentage of blank kernels (F = 23.07; df = 1,
429; P<0.01) (Table 2.4).
Table 2.4

Category

Mean (SEM) percentage of clean kernels, damaged kernels and blank
kernels of O. pugnax (RSB) injury from infested sleeve cages compared to
un-infested panicles across years and cultivars
Infestation
density Bloom

Percentage of 1 RSB
clean kernel
2 RSB
Mean
Percentage of 1 RSB
damaged
kernels
2 RSB

Infestation Timing

Mean

Milk

Soft

-25.0(2.64)

-17.1(2.25)

-12.5(2.25)

-18.2(1.38)B

-38.6(2.64)

-29.0(2.26)

-22.3(2.25)

-30.0(1.38)A

-31.8(1.87)A

-23.0(1.60)B

-17.4(1.59)C

2.4(1.75)

6.9(1.57)

4.4(1.57)

4.6(1.24)B

3.2(1.75)

12.2(1.57)

8.5(1.57)

7.9(1.24)A

Mean

2.6(1.43)c

Percentage of 1 RSB
blank kernels
2 RSB

27.0(3.69)

10.8(3.14)

9.1(2.14)

15.6(1.92)B

47.1(3.69)

22.1(3.16)

17.0(2.14)

28.7(1.92)A

37.0(2.61)a

16.5(2.23)b

13.1(2.22)b

Mean

9.6(1.31)a

6.4(1.31)b

Means within a category with the same letter and case group are not significantly
different(α = 0.05).
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The percentage of clean kernels was reduced as O. pugnax infestation density
increased. Similarly, the percentage of damaged kernels and percentage of blank kernels
increased with increased O. pugnax infestation density (Table 2.4).
2.4.2

Large Cage Field Infestation
Meantotal kernel weight from caged un-infested panicles over infestation timing

was significant (F = 5.67; df = 2, 25; P<0.01) (Table 2.5). However, there was not a
significant difference from caged un-infested panicles between different cage timings for
mean percentage reduction of clean kernels (F = 1.24; df = 2, 25.1; P=0.31), percentage
of damaged kernels (F = 3.10; df = 2, 25.1; P=0.06), or percentage of blank kernels (F =
0.88; df = 2, 25.1; P=0.42) (Table 2.5). Because mean kernel weight/50-panicle sample
was significant between infestation times, the impact of O. pugnax infestation was
determined by the difference between caged un-infested and caged infested panicles.
Table 2.5

Mean (SEM) yield (g/50 panicles), pecentage of clean kernels, damaged
kernels, and blank kernels of un-infested panicles between large cage
timings across years
Kernel Category

Cage Timing
Bloom

Yield (g)/50
panicle

146.8(3.15)b

Percentage of
clean kernels

75.1(1.74)a

Percentage of
damaged kernels

3.8(0.54)ab

Milk

Soft

153.2(4.41)ab 160.6(3.62)a
75.4(2.27)a

77.8(1.66)a

4.4(0.63)a

3.6(0.67)b

Percentage of
blank kernels
21.1(1.64)a
20.2(1.78)a
18.4(1.55)a
Means (SEM) within a category with the sameletter are not significantly
different (α = 0.05)
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Table 2.6

Mean (SEM) percentage yield, clean kernels, damaged kernels and blank
kernels/10 g sample of O. pugnax injury from infested large cages compared
to un-infested cages across years and cultivars

Kernel category Infestation
density

Infestation Timing
Bloom

Yield (g)/50 11 RSB/m2 -13.4(4.41)
panicle
22 RSB/m2 -25.9(4.59)
Mean
11 RSB/m2

-8.5(2.03)

Percentage
of
damaged
kernels

Soft

-18.5(4.38)

-9.2(3.23)

-14.7(2.35)B

-32.2(5.85)

-22.5(4.43)

-26.9(2.88)A

-19.7(3.37)a -25.3(3.85)a

Percentage of
clean kernels 22 RSB/m2 -16.7(3.51)
Mean

Milk

Mean

-15.9(3.02)a

-7.0(1.31)

-6.1(1.07)

-7.2(0.87)B

-14.9(1.22)

-13.1(1.04)

-14.9(1.27)A

-12.6(2.16)a -10.9(1.20)a

-9.6(1.03)a

11 RSB/m2 1.6(0.36)

1.2(0.49)

1.3(0.43)

1.4(0.24)A

22 RSB/m2 1.8(0.48)

1.5(0.66)

2.0(0.55)

1.8(0.32)A

Mean

1.4(0.40)a

1.7(0.35)a

7.2(1.77)

5.9(1.38)

7.2(1.05)B

17.1(2.15)

13.6(1.07)

16.3(1.61)A

1.8(0.29)a

Percentage
of
11 RSB/m2 8.5(2.30)
blankkernels
22 RSB/m2 18.2(4.23)
Mean

13.3(2.56)a

12.2(1.71)a

9.7(1.16)a

Means within a category with the same letter and case group are not significantly
different (α = 0.05).
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There was not a significant three way interaction of test by infestation time and
infestation density for percentage reduction of mean total kernel weight (F = 0.06; df = 4,
54; P = 0.99). The interaction of O. pugnax infestation timing by infestation density on
total kernel weight was not significant (F = 0.01; df = 2, 66; P = 0.99) (Table 2.6).
Similarly, the main effect of O. pugnax infestation timing for total kernel weight was not
significant (F = 2.18; df = 2, 66; P = 0.12) (Table 6). However, the main effect of O.
pugnax infestation density on total kernel weight was significant (F = 12.55; df = 1, 66;
P< 0.01) (Table 2.6).
There was not a significant three way interaction of test by infestation time by
infestation density interaction for percentage reduction of clean kernels (F = 0.86; df = 4,
54; P = 0.49), percentage of damaged kernels (F = 0.57; df = 4, 54; P = 0.69) or
percentage of blank kernels (F = 0.96; df = 4, 54; P = 0.81). The interaction of O.
pugnax infestation timing by infestation density was not significantfor percentage
reduction of clean kernels (F = 0.06; df = 2, 65; P = 0.94), percentage of damaged kernels
(F = 0.14; df = 2, 66; P = 0.87) or percentage of blank kernels (F = 0.13; df = 2, 66; P =
0.88) (Table 2.6).
The main effect of O. pugnax on infestation timing was not significant for all 3
parameters: percentage reduction of clean kernels (F = 1.47; df = 2, 65; P= 0.24),
percentage of damaged kernels (F = 0.33; df = 2, 66; P =0.72), and percentage of blank
kernels (F = 1.21; df = 2, 66; P<0.30) (Table 2.6). The main effect of O. pugnax
infestation density was significant for percentage reduction of clean kernels (F = 27.82;
df = 1, 65; P<0.01), and percentage of blank kernels (F = 21.99; df = 1, 66; P<0.01), but
not significant for percentage of damaged kernels (F = 0.88; df = 1, 66; P=0.35 (Table
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2.6). The percentage reduction of clean kernels was reduced as O. pugnax infestation
density increased. Similarly, the percentage of blank kernels increased with O. pugnax
infestation density (Table 2.6).
2.5

Discussion
Counce et al. (2000) chronicled ten stages within the reproductive phase of rice

development, namely: initiation of developing panicle (R0), emergence of panicle
branches (R1), emergence of flag leaf collar (R2), heading from boot (R3), flowering or
bloom of spikelets (R4), development of caryopsis in hull (R5), at least one kernel in a
panicle has fully developed caryposis (R6), at least one kernel in a panicle has greenishyellow hull (R7), at least one kernel in a panicle has a brown hull (R8), and all grains
within a panicle have brown hull (R9). The bloom stage, milk stage or soft dough stages
correspond to R4, R5-R6 and R7, respectively. In general, the stage for a field is
determined when 50% of the panicles have reached this maturity even though there is
variation in maturity among individual kernels within a panicle, among tillers of the same
rice plant, and among rice plants in the same field.
Although several biotic and abiotic factors may contribute to yield and quality
reduction in rice, O. pugnax infestation in rice during the reproductive stage is
reportedlythe most important biotic factor (Espino and Way 2008, Way 2003, Bowling
1967). The feeding activity of O. pugnax in rice has previously been investigated and
reported to cause direct and indirect yield losses to rice growers. The direct yield loss
refers to reduced grain yields; while indirect losses are those of reduced grain quality
(Pathak 1968, Douglas and Tullis 1950).
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Most previous artificial infestations on O. pugnax injury assessment in rice are
limited to grain filling stage (milk and dough stages), because O. pugnax reportedly
prefer to feed on rice during this time, considered the most important stage during rice
reproductive stage (Bowling 1963). Infestation of O. pugnax during the grain filling
stage has been documented to cause up to 25% or more yield losses (Ingram 1927,
Bowling 1963, Gianessi 2009).
It is a generally accepted that increased insect density in artificially caged
infestations results in increased insect injury, which may lead to increased yield and/or
quality losses. In this study, increased O. pugnax infestation density caused greater yield
and quality reduction in both the sleeve and large cage studies, consistent with previous
studies. However, previous cage experiments with O. pugnax in rice have produced
varied results regarding the relationship of crop maturity and O. pugnax damage. There
have been reports of no significant yield and quality reduction from O. pugnax infestation
in artificially infested cage experiments at various stages of panicle development (Espino
et al. 2007, Bowling 1963, Odglen 1960). Other research has reported significantly
different yield losses from artificially infested caged experiments with O. pugnaxat
various stages of panicle development (Patel et al. 2006, Swanson and Newsom 1962).
This experiment investigated O. pugnax injury with sleeve cages and large field cages to
determine the impact of caging and cage size at different stages of panicle development.
The sleeve and large field cages used in the current study produced different
outcomes. In the sleeve cage experiment, total kernel weight was reduced more at bloom
compared to the milk or soft dough stages in three out of four tests. However, yield
losses did not vary among the infestation timings in the large field cages. O. pugnax
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infestation density impacted total kernel weight in only out of four sleeve cage tests, but
was significant in the large cages. The percentage reduction of clean kernels and
percentage of blank kernels in the sleeve cage experiment were different at the bloom
stage compared to the milk and soft dough stages. However, there were no differences in
percentage of clean kernels or blank kernels in the large cages. The percentage of
damaged kernels was higher at the milk stage compared to the bloom and soft dough
stages in the sleeve cages, but damaged kernels at all infestations timings was similar in
the large cages. These differences in results may have been due to the impact of caging
and cage size (Buntin 2001, Litsinger 1991)
Cage size and screen mesh size have been reported to adversely affect plant yield
as well as the pest population inside the cages (Buntin 2001, Litsinger 1991, Woodford
1973, Hand and Keaster 1967). The presence of cages has been reported to reduce solar
radiation necessary for photosynthetic activity, air movement, and precipitation adversely
affecting yield (Buntin 2001, Litsinger 1991, Woodford 1973, Hand and Keaster 1967).
However, temperature and relative humility were less impacted by caging (Woodford
1973, Hand and Keaster 1967). In the current study, the same screen mesh size was used
in both experiments, but cage size varied. The differences in crop response to O. pugnax
feeding between sleeve and large cage experiments suggests that cage size may have
impacted O. pugnax behavior and /or rice’s response to feeding. This could possibly
explain the variation in outcomes.
Although reduced grain yield is an important factor when measuring the impact of
O. pugnax in rice, grain quality can be equally important to growers, rice millers, and
consumers. U.S rice grading system may not accept milled rice with more than 1%
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damaged kernels to be accepted as grade 1 (USDA – FGIS 2009). Therefore, rice
consignments with damaged kernels greater than this grade may receive lower premium,
or may be rejected.
Economic thresholds have been developed to mitigate the damaging effect of O.
pugnax in rice. The current economic threshold in Mississippi rice production is a
modification of one established by McIlveen et al. (1981), which is essentially based on
individual grain development (Vergara 1991). This threshold justified the cost of control
measures when five O. pugnax/10 sweeps were collected with a 38 cm diameter sweep
net during the first two weeks of heading rice and ten O. pugnax /10 sweeps thereafter
(Catchot 2012). A major difficulty in using this action threshold is determining the
maturity of rice given the asynchronous kernel maturity within a panicle, and panicle
maturity within a field. Within a panicle, spikelet exertion may take up to 4-5 d from
initial exertion to 50% bloom, and 7-12 d or more to attain 50% milk stage (Moldenhauer
and Gibbon 2003, Vergara 1991). Depending on the effective tiller density, this
development period could be longer.
The overall impact of O. pugnax in the current study was consistent over all
experiments. Because yield and quality losses were comparable between stages in the
large field cages, one may argue that the treatment threshold should be constant from
bloom to soft dough stages for Mississippi rice. Based on the assumption that 10 sweeps
will sample 2.9m2 (1 sweep = 76cm long × 38cm wide), O. pugnax densities used in the
large field cage experiment were comparable to densities of 4 bugs and 8 bugs per 10
sweeps, comparable to the thresholds of 5 and 10 O. pugnax/ 10 sweeps.
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An individual panicle of rice generally reaches the soft dough stage
approximately 2 weeks after flowering at traditional seeding rates. However, the
introduction of high value seeds such as Clearfield® varieties (Roel et al. 1999) and
hybrid rice (Li and Yuan 2000) makes it imperative to re-evaluate Mississippi rice
production action thresholds because the reduction in seeding rates impacts the
uniformity of panicle development. Hybrids varieties are generally planted at
approximately 24 kg/ha compared to inbred varieties that are planted at 84 to 112 kg/ha.
At very low seeding rates, the production of tillers becomes the most important factor
contributing to yield. Because hybrids produce more active tillers than inbred varieties,
the panicle development stages are often more asynchronous within an individual plant
and field. As a result, a longer time may be required for hybrid rice to reach the soft
dough stage. Because of that, the current threshold should be based on the physiological
maturity of a certain percentage (50%) of panicles in the field rather than weeks of
maturity.
Because of the variation of kernel maturity within a panicle and within a tiller,
more research is needed to determine the maturity stage when rice is no longer
susceptible to yield and quality losses from O. pugnax in conventional and low seeding
rate systems. Additional research is also needed to determine the lowest O. pugnax
density that causes economic yield and quality losses at different stages of panicle
development and to estimate sweep net equivalents in sampling that density. The results
reported here can be used as an initial step to improve current thresholds for O. pugnax in
rice and to refine current integrated pest management recommendations.
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CHAPTER III
IMPACT OFOebalus pugnax (F.) (HEMIPTERA: PENTATOMIDAE) DURATION OF
INFESTATION AND GENDER ON RICE GRAIN YIELD AND QUALITY

3.1

Abstract
Feeding duration experiments were conducted to determine the time required for

O. pugnax to cause yield loss and pecky rice during the milk stage of panicle
development. ‘Cocodrie’ and ‘Wells’ cultivars were infested in separate blocks with one
adult O. pugnax per panicle for 3, 5, or 7 d periods with an unknown O. pugnax gender
in 2011, and for 1, 3, 5,or 7 d in 2012 with known O. pugnax gender. Treatments were
arranged in a completely randomized design with 20 panicles per cultivar. Parameters
estimated included: kernel weight, percentage of filled kernels, percentage of damaged
kernels, and percentage of blank kernels per panicle. Five categories of damaged kernels
were identified. In all parameters estimated, feeding injury of O. pugnax was significant
after 3 to 5 d of infestation. Females caused a greater percentage of blank kernels and a
greater reduction in filled kernel weight (g) compared to males. The percentage of
damaged kernels was not significantly different between female and male infestations.
The percentage of damaged kernels caused by O. pugnax injury increased with a longer
period of infestation. Although the overall yield fromfemale O. pugnax differed from
males in this study, this can be ignored in managing for this pest because both males and
females caused similar amounts of damaged kernels.
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3.2

Introduction
Rice, Oryza sativa (L.), is the primary host of the rice stink bug, Oebalus pugnax

(F), and its most important food source for nymphal development and adult reproduction
(Panizzi 1997, Bowling 1967). The feeding damage of O. pugnax in rice has been
described in detail by several authors (Bowling 1967, Odglen and Warren 1962, Swanson
and Newsom 1962, Douglas and Ingram 1942, Ingram 1927). Feeding injury from O.
pugnax is caused by a combination of processes; insertion of piercing-sucking
mouthparts, injection of digestive enzymes, and extraction of liquefied grain contents
(Todd and Turnipseed 1974, Miles 1959). The injury from O. pugnax feeding can result
in blank kernels or an inferior grade of milled rice known commonly as pecky rice
(Bowling 1963). Blank kernels and pecky rice result in yield and quality losses to rice
growers (Dale 1994, Odglen and Warren 1962, Swanson and Newsom 1962,).
Except the first instar, O. pugnax adults and nymphs feed similarly and are
capable of causing significant injury in rice (Bowling 1967, Ingram 1927). Feeding from
O. pugnax on rice during the flowering stage can cause blank kernels. Feeding during the
grain filling stage can cause damaged (shriveled and shrunken) kernels primarily
resulting in kernel discoloration (Bowling 1967, Swanson and Newsom 1962). The grain
filling stage is divided into the milk, soft dough, and hard dough stages (Moldenhauer
and Gibbons 2003). Each stage responds differently to O. pugnax injury (Chapter 2, Way
2003, Bowling 1979, 1967). Current studies suggest that the milk stage is the most
susceptible to kernel discoloration (Chapter 2, Patel et al. 2006). The economic
importance of discolored kernels results in reduced grain quality more than direct yield
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losses. Damaged kernels that are discolored are characterized by the development of
black or dark brown areas around the feeding site as the rice grain matures (Marchetti and
Peterson 1984). Damaged rice kernels can easily be differentiated from clean kernels
under light (Wang et al., 2002).
Peck in rice is an important issue because of kernel breakage during milling, or
reduction in preference by consumers. Peckiness in rice is counted in the U.S. grading
system, and lots with peck greater than 1% by weight may not be designated U.S. No. 1
rice (USDA-FGIS 2009). Lower rice grades result in considerable economic losses to the
grower, and a possible rejection by rice purchasers. To reduce the impact of O. pugnax
injury in grain quality, economic thresholds have been developed based on the week of
panicle development (Helm 1954, Bowling and Thomas 1979, McIlveen et al. 1981,
Harper et al. 1993). The current economic threshold used in Mississippi suggests
treatment when five or more O. pugnax are collected per 10 sweeps with a standard
sweep net (38 cm diameter) for the first 2 weeks of heading, and when ten or more O.
pugnax are found per 10 sweeps from the third week of heading to maturity (Catchot
2013). The milk stage typically occurs 2-3 weeks after heading.
Feeding duration studies have been evaluated on other stink bug species in other
crops (Simmons and Yeargan 1988), but duration of infestation experiments have not
been conducted with O. pugnax in rice. To better understand the nature of damaged
kernels, this study was designed to assess the feeding process of O. pugnax by conducting
feeding duration studies within the milk stage of panicle development. The objective of
the current experiment was to characterize O. pugnax damage in rice; to determine the
impact of O. pugnax feeding duration on the type and quality of grain injury during the
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milk stage of panicle development; and to compare injury from adult male and female O.
pugnax.
3.3
3.3.1

Materials and Methods
Experimental Site and Agronomic Practices
Field cage experiments were conducted in 2011 and 2012 at the Delta Research

and Extension Center in Stoneville, MS to determine the impact of adult O. pugnax
feeding duration in rice during the milk stage of panicle development. Two long-grain
rice cultivars (‘Cocodrie’ and ‘Wells’) were tested under field conditions using standard
agronomic practices for Mississippi drill-seeded rice (Buehring et al. 2008). ‘Wells’ was
included in both years, while ‘Cocodrie’ was tested only in 2012. Each rice cultivar was
drill-seeded into fine-textured alluvial soils (Sharkey series) (Snipes et al. 2005) at 90
kg/ha in plots that were 8 rows wide (18 cm centers) and 4.57 m long on 13 Apr 2011 and
26 Apr 2012. Granular urea (46% N, Cargill LTD, No. 26, Saint-Petersburg, FL) was
applied to provide nitrogen at the rate of 201.6 kg/ha on 1 Jun 2011 and 19 Jun 2012
when rice was at 5-6 leaf stage. Rice plots were flooded on 2 Jun 2011 and 20 Jun 2012
and the flooded was maintained until 2 weeks before harvest.
3.3.2

Insect Collection
Adult O. pugnax were originally collected from heading grasses in and around

Stoneville, MS, with a 38 cm diameter sweep net (BioQuip Products, Rancho
Dominguez, CA). O. pugnax were sorted after every 10 sweeps at the collection site and
placed in 29 × 29 ×29 cm Bugdorm rearing cages (BioQuip Products, Rancho
Dominguez, CA) made of white polypropylene screen. In the laboratory, O. pugnax were
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maintained under controlled conditions (25 ± 2 ºC, 60 ± 5 RH, and photoperiod of 14:10
L:D) and fed on 10% sugar solution for at least 12 hours prior to infestation.
3.3.3

O. pugnaxInfestation Duration
O. pugnax infestations followed the timeline proposed by Counce et al. (2000)

and Moldenhaur and Gibbons (2003). O. pugnax infestations were started approximately
12 d after panicle exertion when at least 50% of the panicles reached the milk stage.
During 2011, the durations of infestation included 3, 5, or 7 d with 20 replications. The
gender of each individual was not determined in 2011. In 2012, the durations of
infestation included 1, 3, 5, or 7 d. The gender of each individual was determined in
2012. A total of 20 replications were used in 2012 that included 10 replications with
males and 10 replications with females. In both years, caged un-infested panicles were
included as controls for7 d. Treatments were arranged in a completely randomized
design (CRD) in each cultivar. A panicle was a replicate, and was selected at random
from a block of rice plants (6.58m2). Prior to infestations, O. pugnax adults were held
individually in 37.0 ml plastic Solo cups (T125 0090 Solo Cup Co., Highland Park, IL),
and placed in a cooler with ice to reduce heat stress during transportation to the field.
Individual rice panicles were caged with one O. pugnax adult in nylon 25.4 cm ×50.8 cm
custom made sleeve cages constructed from white polyester/nylon netting, approximately
20 mesh, which had drawstrings and toggles at the open end to close after infestation. A
colored tag (Snap-on, A. M. Leonard Inc., Piqua, OH) was placed around the stem of the
infested panicle above the flag leaf. A different colored tag was used to differentiate
infestation durations. The start date, removal timing, and gender of O. pugnax adult were
recorded on each tag for easy identification at harvest. Panicles were infested on 10 Aug
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2011 and 15 Aug 2012 for ‘Wells’. Infestations for ‘Cocodrie’ were made on 3 Aug
2012. Panicles were individually hand harvested at maturity on 8 Sep 2011 and 11 Sep
2012. Individual panicles were placed in brown paper bags (W 12.5 ×L27 cm) and
allowed to air dry to approximately12% moisture.
3.3.4

Data Collection
Rice kernels were manually threshed from each panicle in the laboratory, and

kernels placed in 37.0 ml Solo plastic cups (T125 0090 Solo Cup Co., Highland Park, IL)
for quality determination. Blank kernels were separated manually from filled kernels.
Filled kernels were further separated into damaged and clean kernels with the aid of a 40
× 46 cm light table (PORTA-TRACE, Gagne Associates, and Binghamton, NY),
illuminated with a 30-Watt bulb. Damaged kernels were identified as described by
Douglas and Tullis (1950). Immature kernels were included as damaged kernels as these
could result from O. pugnax injury (Boethel et al. 2000). Representative damaged
kernels were photographed and characterized with a Leica DFC 495 digital camera (Leica
Microsystem Inc., Buffalo Grove, IL USA) attached to a Leica Z16 apochromatic
macroscope (Leica application suite V 4.1.0 with montage module).
3.3.5

Data Analysis
Filled kernel weight was used to determine mean yield per panicle. Damaged and

blank kernels were expressed as percentages based on the total number of kernels in each
category divided by the total number of kernels in a panicle and multiplied by 100. In all
analyses, each cultivar within a year was considered a test. There were three tests:
‘Cocodrie’ in 2012, and ‘Wells’ in 2011 and 2012. All data were analyzed by year
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because only 'Wells' was used in 2011, and because an additional evaluation interval was
used in 2012. The 2011 and 2012 data were combined for analysis without gender
included as a factor. Infestation duration (days) was designated as a fixed effect. Test
and replicate were considered random effects. In the 2012 data, gender was included as a
factor for analysis. The combined effect of sex and infestation duration was determined
and compared to the uninfested control. The replication by gender interaction was
included in the model as a random effect. To evaluate the impact of gender and
infestation duration independently, the data were analyzed and compared with the
uninfested control using untransformed data. All data were analyzed with analysis of
variance using PROC-MIXED in SAS (Version 9.3; Littell et al. 1996). Means and
standard errors were calculated with LSMEANS and separated according to Fisher’s
Protected Least Significance Difference (LSD) at α = 0.05.
3.4
3.4.1

Results
Characterization of Peck in Rice
Under microscopic examination, various forms of rice grain injury were identified

(Fig 3.1A-F). Undamaged rice kernels were characterized by a uniform opaque color and
no discoloration (Figure 3.1A). Damaged kernels were characterized bya circular lesion
that is sunken with or without discoloration (Figure 3.1B). Others were typically of
brown to blackdiscoloration, with a blend of yellow or red discoloration on at least part of
the entire kernel (Fig 3.1C). Black sclerotial bodies from saprophytic fungi appeared
under the kernel coat of some kernels (Figure 3.1D).
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Figure 3.1

Impact of O. pugnax on damaged kernels.

Unblemished (A), circular lesions with or without sunken portions (B), enlargement of
lesions to whole kernel (C), more advanced stage of damage with sclerotial bodies (D),
kernels damaged from the embryo (E), kernel damaged from the flower end (F),
immature kernels (G).
Another type of damage was identified by a severe sunken lesion with
discoloration occurring at the embryo end of the kernel and extending half of the kernel
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length (Figure 3.1E) or similar damage occurring on the flower end of the kernel
extending half the length of the kernel (Figure 3.1F). Immature rice grains can also result
from O. pugnax feeding damage. These were typical of smaller kernels with green
discoloration (Figure 3.1G).
3.4.2

Impact of Infestation Duration
The impact of infestation duration on O. pugnax injury on rice kernels was

evaluated by year during the milk stage of panicle development regardless of gender. In
2011, the infestation duration caused no significant differences for kernel weights per
panicle (F = 1.62; df = 3, 75; P = 0.19), but there were differences in 2012 (F = 2.72; df =
4, 171; P = 0.03) (Figure 3.2). Filled kernel weight was greater for the uninfested
panicles than for panicles infested for 3 to 7 d, but this was not significantly different
from panicles infested for 1 d.
Duration of O. pugnax infestation significantly impacted on the percentage of
damaged kernels per panicle during the milk stage of panicle development in 2011 (F =
12.67; df = 3, 75; P< 0.01) and 2012 (F = 17.84; df = 4, 172; P< 0.01) (Figure 3.3).
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Figure 3.2

Impact of adult O. pugnax infestation duration during the milk stage of
panicle development in rice on mean (SEM) filled kernel weight (g) during
2011 (A) and 2012 (B).
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Figure 3.3

Impact of adult O. pugnax infestation duration during the milk stage of
panicle development in rice on mean (SEM) percentage of damaged
kernels during 2011 (A) and 2012 (B).
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Figure 3.4

Impact of adult O. pugnax infestation duration during the milk stage of
panicle development in rice on mean (SEM) percentage of blank kernels
during 2011 (A) and 2012 (B).

During both years, the percentage of damaged kernels per panicle was greater for
the 5 and 7d infestations compared to the uninfested control (Figure3.3). The percentage
of damaged kernels was greater for the 3d infestation compared to the non-infested
control in 2012, but not in 2011. The percentage of damaged kernels was not different
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between the uninfested panicles and panicles infested for the 1d infestation in 2012
(Figure 3.3). Duration of O. pugnax infestation during the milk stage of panicle
development did not have a significant impact on the percentage of blank kernels per
panicle in 2011 (F = 1.92; df = 3, 75; P = 0.13), but did during 2012(F = 5.60; df = 4,
169; P< 0.01) (Figure 3.4). The percentage of blank kernels per panicle was greater
from3d, 5d and 7d infestations compared to the 1 d of infestation and the uninfested
control during 2012 (Figure 3.4).
3.4.3

Impact of O. pugnaxGender and Infestation Duration
The interaction between O. pugnax gender and infestation duration was significant

for the percentage of filled kernels per panicle (F = 11.04; df = 8,168; P<0.01),
percentage of damaged kernels per panicle (F = 10.55; df = 8, 168; P<0.01) and
percentage of blank kernels per panicle (F = 4.30; df = 8, 165; P<0.01) (Figure 3.5).
Percentage of filled kernels was impacted by gender at the 5 d infestation duration.
Females caused a greater reduction in the percentage of filled kernels compared to males
becoming significantly different for infestations lasting 5 or more days (Figure 3.5A).
Females and males caused a similar amount of damaged kernels when comparing gender
with each stage of infestation duration (Figure 3.5B). Female O. pugnax caused
significantly more blank kernels than males for infestations lasting at least 5 d (Figure
3.5C).
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B

Figure 3.5

Impact of adult O. pugnax sex*infestation duration during the milk stage of
panicle development

filled kernels (A), damaged kenels (B) and blank kernels (C).
Note: C0 = Un-infested control; M1, M3, M5, M7 = Male infestation; F1, F3, F5, F7 =
Female infestation; Numbers indicate infestation period (days).
3.5

Discussion
Numerous studies have investigated the impact of O. pugnax on grain quality and

yield of rice (Patel et al. 2006, Swanson and Newsom 1962, Odglen 1960). In general,
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the greatest yield losses were observed as a result of infestations during the flowering and
milk stages of panicle development (Chapter 2, Patel et al. 2006). Espino and Way (2007)
reported a greater percentage of damaged kernels during the milk and soft dough stages
compared to other stages, and concluded that those were the stages most susceptible to O.
pugnax injury. In the current experiment, infestations of O. pugnax during the milk stage
were used to quantify the impact of infestation duration on grain quality in rice. The
results support previous research that reported substantial yield and quality losses caused
by O. pugnax infestations during the milk stage. In 2011, O. pugnaxcaused significant
quality reductions when allowed to feed for at least 5 d. In 2012, O. pugnax caused
significant yield and quality reductions when allowed to feed for at least 3 d. There were
no differences observed between the un-infested panicles and those infested for 1 d for all
parameters measured. Similarly, no differences were observed for all parameters
measured for 3, 5, or 7 d.
Rice kernels that have been damaged during the milk stage are often discolored
(Douglas and Tullis 1950). In the current study, characterization of damage kernels was
similar to that described by Douglas and Tullis (1950). Delayed seed maturation has
been reported from other stink bugs in other crops, for example Nezara viridula feeding
in soybean (Boethel et al. 2000, Todd and Turnipseed 1974). This has not been
associated with O. pugnaxfeeding in rice. Immature kernels observed in this study
typically had a greenish tint and were smaller than mature kernels. Immature kernels are
structurally weak and prone to breaking during milling and resultsin reduced yield
(Siebennorgen et al. 2011). However, it is not conclusive at this point thatO. pugnax was
responsible for the delayed kernel maturity in this study because all types of damage were
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pooled together. Nonetheless, suspicion of O. pugnax damage was the overriding factor
and further study is recommended. Peckiness in rice poses a considerable challenge to
the rice industry that needs a holistic approach to ensure sustained rice quality (Mayer
2011, Childs 2012). Rice with peck does not only affect the milling quality, but also the
grade. The U.S. standard for milled rice is set at maximum limits of 1.0% damaged
kernels for U.S. No. 1 to 6.0% damaged kernels for U.S. No. 6 (USDA-FGIS 2009).
The differences observed between male and female O. pugnax on levels of
damage in rice were not expected. Espino and Way (2007) previously infested rice
panicles for 48 h with one male or female O. pugnax adult at heading, milk, soft dough,
and hard dough stages of panicle development and found no significant differences
between males and females for percentage of blank kernels, percentage of damaged
kernels, or reductions in grain yield at any of the growth stages. Contrary, the current
experiment had fewer filled kernels and an increase in the percentage of blank kernels for
panicles infested with females compared to males at the 5 and 7 d durations. The
differences in the two studies could be explained by the short infestation duration in the
previous study. Naresh and Smith (1984) and Rashid et al. (2005) investigated the
feeding behavior of male and female O. pugnax among wild host grass species, and
reported more aggressive feeding behavior from females than males. Bowling (1979)
used stylet sheath deposition rates of O. pugnax to determine feeding behavior and
observed that females deposited more sheaths compared with males. The aggressive
feeding of females may be an adaptation to provide nutrients for their large reproductive
system.
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O. pugnax damage in rice has serious economic implications not limited to rice
producers, but to rice marketers, consumers and researchers. The definition of quality
rice has several meanings across the rice industry (USDA-FGIS 2009). In this paper,
quality refers to milling quality and appearance of rice kernels. This can be negatively
impacted by O. pugnax in association with other factors. Higher night temperatures
(Peng et al. 2004), excessive nitrogen use rates (Pizzatti and Cortesi 2008), planting date
(Pizzatti and Cortesi 2008), fungi (Marchetti and Peterson 1984), and cultivar
susceptibility (Nilakhe 1976, Bernhardt et al. 2004) all have been implicated in causing
kernel discoloration. However, O. pugnax is generally regarded as the most important
factor impacting peckiness in rice (Douglas and Tullis (1950).
In summary, O. pugnax feeding during the milk stage reduced rice yields and
grain quality. An infestation lasting 3 or more days was required to cause significant
yield or quality losses. Way et al. (2006) previously observed that monitoring of O.
pugnax should start at panicle exertion and continue until grain maturity. Based on these
data, monitoring frequency during the milk period needs to be conducted at least twice
weekly to minimize the likelihood of a damaging infestation occuring for 3 or more days
before detection. Additionally, infestations should not be allowed to persist for longer
than 3 d before a management strategy is initiated.
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A
CHAPTER IV
SEASONAL ABANDANCE AND PHENOLOGY OF Oebalus pugnax
(F.)(HEMPTERA: PENTATOMIDAE) ON GRAMINACEOUS
HOSTS IN MISSISSIPPI

4.1

Abstract
The rice stink bug, Oebalus pugnax (F.) is the most injurious insect pest of

heading rice in the United States. Densities of O. pugnax on numerous graminaceous
hosts were evaluated in the central Mississippi Delta from April through August in 2011
and 2012. Two cultivated and thirteen wild host grasses were sampled using a sweep net.
Overall, populations of O. pugnax were lower in 2012 than in 2011. The role of each
host grass species in the abundance of O. pugnax was categorized as those that supported
O. pugnax from overwintering, sustained O. pugnax during summer, sustained O. pugnax
before overwintering, or sporadic hosts. The abundance of glyphosate resistant Italian
ryegrass in the central Mississippi Delta was an important component of O. pugnax
population dynamics during the spring and early summer. Junglerice, crabgrass spp.,
southwestern cupgrass, and praire cupgrass enhanced the development and reproduction
of O. pugnax in the summer. Browntop millet and broadleafsignal grass were important
in population build-up of overwintering populations. Host switching was also an
important factor that contributed to abundance increase. Although rice growers are well
aware of the economic significance of O. pugnax infestations in rice, there is need for
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increased knowledge of host grass sequence relative to O. pugnax abundance. Results
from this study will be used to develop management strategies aimed at disrupting this
relationship to reduce O. pugnax infestations in rice.
KEY WORDS: Host grass species, population dynamics, Oebalus pugnax.
4.2

Introduction
The rice stink bug, Oebalus pugnax (F.) is a pest of cultivated crops such as

wheat, Triticum aestivum L., (Sailer 1944, Forbes 1905, Lugger 1900); rice, Oryza sativa
L., (Webb 1920, Riley 1882); corn, Zea mays L., (Odglen and Warren 1962, Forbes
1905); millet, Panicum miliaceum L., (Garman 1891); grain sorghum, Sorghum bicolor
(L.) Moench, (Hall and Teetes 1981, Dahm 1942); barley, Hordeum vulgare L.; oats,
Avenaspp.; and rye, Secale cereale L., (Odglen and Warren 1962). O. pugnax is the most
injurious insect pest of heading rice in all rice producing states of the U.S.(Way 2003,
Douglas and Ingram 1942, Douglas 1939), except California (Gianessi 2009). O. pugnax
relies on a broad range of graminaceous host species for feeding and reproduction. These
hosts allow the build up of populations that eventually migrate into rice (Odglen and
Warren 1962). The abundance of these host species can influence O. pugnax population
dynamics (Velasco and Walter 1993). Douglas and Ingram (1942) and Odglen and
Warren (1962) documented host grass species of O. pugnax; however, research on the
abundance and distribution of O. pugnax relative to the host phenology of wild host grass
species is limited. Additionally, the development of glyphosate resistancein some
principal host grass species utilized by O. pugnax has become a major source of concern
among rice growers. Italian ryegrass, Lolium perenne L. ssp. multiflorum (Lam.);
barnyardgrass, Echinochloa crus-galli (L.)P. Beauv.; and Johnsongrass, Sorghum
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halepense (L.) Pers., have all been reported tobe resistant to glyphosate or propanil
herbicides used for their control in Mississippi (Bond and Eubank 2012, Allen et al.
1995). As a result, host plant species have become more abundant than they were in the
past and O. pugnax injury to rice can be more severe under this situation. Host grasses
have therefore, become an important component of the population dynamics of O.
pugnax prior to rice heading.
In Mississippi, Italian ryegrass, Lolium L.sspmultiflorum (Lam.) Husnot and
wheat, Triticum aesticum L., are the most dominant spring hosts flowering when O.
pugnax emerge from overwintering. Italian ryegrass emerges during the fall, begins to
flower during early spring, and does not senesce until early summer (Bond and Eubank
2012). During the early summer, O. pugnax will migrate from spring hosts to summer
annuals. Summer annuals have been documented as hosts of O. pugnax for example,
barnyardgrass, E. crus-galli (L) Link; Johnsongrass, Sorghum halepense (L.) Link;
dallisgrass, Paspalum dilatatum Poir.; and bahiagrass, Paspalum notatum Flueggé
(Douglas and Ingram 1942, Douglas 1939). The abundance of these host grass species
during summer facilitates dispersal of O. pugnax into rice fields, causing widespread
infestations (Swanson and Newson 1962, Douglas and Ingram 1942, Douglas 1939).
Previous research has cited rice as the most preferred host for nymphal development and
adult reproduction (Naresh and Smith 1984). O. pugnax will therefore, abandon all other
host grass species to feed onrice (McPherson and McPherson 2000, Odglen and Warren
1962)
O. pugnax has a unique lifecycle (Nilakhe 1976) facilitated by overwintering
conditions and the availability and succession of cultivated and non-cultivated host grass
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species (Naresh and Smith 1984, Panizzi 1997). Rice growers generally depend on
insecticide sprays for O. pugnax management, but improper timing of applications could
result in poor yields and increased production costs. Therefore, alternative control
strategies such as alternate host management could play an important role in mitigating
the impact of O. pugnax populations in rice fields. Relatively, little work has been
conducted to determine the importance of host grasses on the population growth of O.
pugnax before dispersal into rice fields. Most of the work on O. pugnax- host grass
relationships simply reported the grass species that host O. pugnax without relating their
relevance to O. pugnax population dynamics (Panizzi 1997, Odglen and Warren 1962,
Douglas and Ingram 1942).
The goal of this study was to examine the role of host grass species (cultivated
and uncultivated) in the population dynamics of O. pugnax in the Mississippi Delta.
Specifically, the study was designed to identify the most important host grass species that
contribute to O. pugnax dispersal in Mississippi and to estimate the relative abundance of
O. pugnax on the principal host grass species listed.
4.3
4.3.1

Materials and Methods
Study Area
The relative abundance and seasonal pattern of O. pugnax was monitored with a

standard sweep net (38 cm) on 15 graminaceous hosts in Washington, Bolivar, and
Sunflower counties from April/May through August in the central Delta of Mississippi
during2011 and 2012. The counties were selected based on proximity and intensity of
rice production (Miller and Street 2008). Two cultivated crops, T. aestivum and O.
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sativa; and thirteen uncultivated host grass species were identified and monitored at
weekly intervals.
4.4

Sampling Procedure and Insect Collection
Sampling was conducted from 4 May until 18 Aug 2011, and from 12 Apr to 15

Augof 2012. O. pugnax nymphs and adults were counted at sampling sites. Host grass
species were sampled at weekly intervals from 9:30-11:30 am or 2:30-4:30 pm based on
host availability. Ten samples of 10consecutive sweeps were taken on each potential host
during each week when it was at a maturity suitable for stink bugs. At least three
samplers were deployed during each sampling period. Sampling pattern depended on the
nature and location of host grass species. S. halepense was the only host grass species
that was monitored with the sweep net raised above the shoulders. All other host grass
species were sampled with the sweep net below the shoulders. Captured O. pugnax were
sorted, counted and placed in 29 × 29×29 cm rearing cages (BugDorm, BioQuip
Products, Rancho Dominguez, CA) and transported to the laboratory for further studies.
Sampling was discontinued when approximately70% of host grass fruiting structures
reached maturity or the plants were senescing.
4.4.1

Host Grass Species and Habitats
Host grass species at various reproductive stages (flowering to maturity) were

targeted for sampling. This was determinedby the physical presence of inflorescences
and/or seed forming structuresat the time of sampling. Habitats sampled included
roadsides, pasturelands, drainage ditches, and margins of cultivated fields. The relatively
short period of panicle development, coupled with chemical and mechanical management
81

of sampling locations made it difficult for sampling to be done on the same locations over
multiple weeks. However, sampling within locations was always random. Herbicide
applications and mowing was more prominent during the 2011 survey, possibly due to
the high density of O. pugnax being found on these hosts. Habitats for sampling were
selected based on a visual examination of host grasses for fruiting structures, species
composition, and on a preliminary study conducted in 2010. Each habitat was sampled
with 10 sets of ten sweeps. Specimens of each host grass species were collected and
transported to the laboratory for identification according to Bryson and DeFelice (2009).
4.4.2

Parasitism of Field Collected O. pugnax
Parasitism of O. pugnax adults was investigated in the laboratory after a

preliminary study during 2010 indicated some parasitism of O. pugnax adults swept from
host grasses. Parasitoid pupae that emerged from O. pugnax were allowed to hatch and
develop into adult flies in the laboratory under 14L: 10D daylength, 26± 2oC and 60 ±
5% relative humility (RH). Samples of the unidentified adult flies were sent to the
Mississippi Entomological Museum, which were forwarded to the Department of
Entomology, Smithsonian Institution (National Museum of Natural History, Washington
D.C) and were identified as Beskia aelops (Walker) (Diptera: Tachinidae). During 2011
and 2012, laboratory monitoring for B. aelops pupal emergence from O. pugnax adults
was examined at weekly intervals to estimate rates of parasitism. All O. pugnax adults
collected on each date during the survey were maintained in rearing cages under 26 ± 2
o

C and 60 ± 5% relative humility. Adults from all host grass species were combined on

sampling dates and monitored for pupal emergence for a three day period (Sutherland and
Baharally 2002).
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4.4.3

Data Analysis
Host grass species were categorized into their respective genera. A

comprehensive analysis comparing all factors and their interactions could not be
conducted because of the differences in numbers of samples on each host genus during
each week and year. As a result, separate analyses were conducted to determine the
impacts of year and month. In the first analysis, the numbers of O. pugnax adults and
nymphs per 10 sweeps in 2011 were compared to 2012 averaged across all weeks and
hosts. Year was considered a fixed effect in the model and the sample by year interaction
was considered random. The second analysis compared mean numbers of O. pugnax for
each month within each year. Month was considered a fixed effect in the model and the
sample by month interaction was considered random. Finally, an additional analysis
compared O. pugnax among genera within each Julian week and year. Genus was
considered a fixed effect in the model and the sample by week interaction was considered
random. The means and standard errors were evaluated from analysis of the raw data and
the mean separation statistics were evaluated based on analysis of square root
transformed data, and back-ransformed means were reported as the results. All analyses
were conducted with analysis of variance PROC MIXED (version 9.3; Littell et al. 1996).
Degrees of freedom were estimated using the Kenward-Roger method. Means and
standard errors were calculated using the PROC MEANS statement and means were
separated based on the LSMEANS using Fisher's Protected Least Significant Difference
with α=0.05.
The estimation of B. aelops parasitism on O. pugnaxwas determined based on
daily observations of pupal emergence from captive O. pugnax adults collected on a
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sampling date. Pupae were allowed to hatch and compared with the identified type
specimens. Percentage of parasitism was based on the total number of pupae collected
within a sampling date over the 3-day observation period relative to the total number of
O. pugnax adults collected on a sample date across all hosts. Year and month of B.
aelops collection were designated as fixed effects. The sample by year interaction was
designated as a random effect for year and the sample by month interaction was
considered a random effect for month. Data were analyzed with analysis of variance
PROC MIXED (version 9.3; Littell et al. 1996). The means and standard errors were
calculated from LSMEANS and separated according to Fisher’s Protected Least
Significance Difference (LSD) with α=0.05.
4.5
4.5.1

Results
Mean Annual and Monthly Abundance of O. pugnax
There were no significant differences between mean monthly densities of adult O.

pugnax per 10 sweeps across hosts in 2011 (F = 1.38; df = 3, 716; P = 0.25) (Table 4.1).
However, more nymphs were collected during August 2011 than during the other months
of 2011 (F = 358.7; df = 1, 1628; P< 0.01) (Table 4.1). In 2012, the mean monthly
densities of O. pugnax per 10 sweeps collected across host grass species increased
significantly as the season progressed for adults (F =37.01; df = 4, 905; P< 0.01) and
nymphs (F = 68.86; df = 4, 904; P < 0.01) (Table 4.1). Densities of O. pugnax adults and
nymphs were greater during Aug 2012 compared with any other month during that year.
The overall annual average densities of O. pugnax across host grass species during the
study period from all counties indicated that significantly more adults (F = 358.7; df = 1,
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1628; P< 0.01), and nymphs (F = 115.1; df = 1, 1627; P< 0.01) were collected per 10
sweeps in 2011 compared with 2012 (Table 4.1).
Table 4.1

LSMean (SEM) monthly and annual densities of O. pugnax per 10 sweeps
collected around Washington, Sunflower and Bolivar Counties in 2011 and
2012.

Month
April

O. pugnax
Adults/ 10 sweeps1
2011
2012
0.6 ±0.56d

Nymphs/ 10 sweeps1
2011
2012
0.0 ± 0.36d

May

16.8 ±1.54a

1.7 ±0.23d

2.8 ±0.43c

0.8 ±0.15c

June

15.3 ± 1.17a

2.3 ±0.22c

3.9 ± 0.33b

1.0 ± 0.14c

July

13.1 ±1.13a

4.0 ±0.20b

3.2 ± 0.32bc

2.1 ± 0.16b

August

14.5 ±2.03a

5.3 ± 0.27a

7.0 ± 0.57a

4.1 ±0.17a

Annual2 14.7 ± 0.68A
3.9 ± 0.20B
4.0 ± 0.13A
1.7 ± 0.09B
Means within the same column followed by the same lower case letter are
not significantly different (α = 0.05).
2
Means within a row for each O. pugnax stage with the same uppercase letter are
not significantly different (α = 0.05).
1

4.5.2

Sequence of O. pugnax on Graminaceous Host Species
There were 15 host grass species (Table 4.2) in 10 genera that supported the

survival, development, and reproduction of O. pugnax throughout the sampling periods of
2011 and 2012. Based on this study, L. perenne spp. multiflorum and T. aestivum were
the twomost prevalent spring host grass species that supported O. pugnax from winter
emergence. L. multiflorum and T. aestivum supported O. pugnax populations beginning
during week 17 of 2011 and week 15 of 2012 (Table 4.2).
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Wheat, Triticum aestivum L.
Ryegrass, Lolium perenne L. ssp. multiflorum (Lam.) Husnot
Crabgrass, Digitaria spp. Haller
Johnsongrass, Sorghum halepense (L.) Link
Prairie cupgrass, Eriochloa contracta Hitchc.
Southwestern cupgrass, Eriochloa acuminata (J. Presl) Kunth
Junglerice, Echinochloa colona (L.) Link
Bahiagrass, Paspalum notatum Flugge
Dallisgrass, Paspalum dilatatum Poir
Yellow foxtail, Setaria pumila (Poir) Roem & Schult.
Texas millet, Urochloa texana (Buckl.) R. D. Webster
Browntop millet, Urochloa ramosa (L.) Nguyen
Broadleaf signalgrass, Urochloa platyphylla
(Munro ex C. Wright) R. D. Webster
Rice, Oryza sativa L.
NA: Texas millet, U. texana was not encountered during 2012
27
Totals

27

1
75

29

29

1
112

Julian weeks and number of weeks hosting O. pugnax
on host grass species
2011
2012
Start
End
No of
Start
End No. of
week week weeks
week
week weeks
17
21
5
15
18
4
17
18
2
15
18
4
18
28
11
18
30
13
20
24
5
18
27
10
21
27
7
21
28
8
21
27
7
21
32
12
22
32
11
18
32
15
23
25
3
18
30
13
23
25
3
20
30
11
25
26
2
22
28
7
25
26
2
NA
NA
NA
25
33
8
29
32
4
25
33
8
23
32
10

Host grass species, Julian weeks sampled, and number of weekswith O. pugnaxon host grass species during 2011 and
2012.

Host grass species

Table 4.2
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Digitaria spp and Echinochloa colona were the most common and important host
grass species during the summer of both years. The importance of a host was determined
by O. pugnax density within the week of sampling. These host genera together
maintained O. pugnax populations longer into the season, and accounted approximately
39% and 36% of the samples of O. pugnax during 2011 and 2012, respectively. Digitaria
spp. and E. colona supported O. pugnax for 11 weeks in 2011and 13 weeks in 2012,
respectively (Tables 4.2). E. colona and Echinochloa crus-galli both supported O.
pugnax for 11 weeks in 2011 and 15 weeks in 2012 (Table 4.2). There were two host
grass species (E. acuminata and E. contracta) represented in Eriochloa in both years.
These species together maintained O. pugnax for a period of 7 weeks in 2011 and 12
weeks in 2012. Sorghum halepense, Urochloa platyphylla, and Paspalum dilatatum were
also important hosts in both years. All other host grass species maintained O. pugnax
populations for five weeks or less in both years (Table 4.2). Most of the host grass
species maintained O. pugnax populations longer into the season in 2012 than in
2011(Table 4.2).Urochloa texana was not found during 2012.
4.5.3
4.5.3.1

Mean Weekly Abundance of O. pugnax on Graminaceous Hosts
2011
Significant differences in O. pugnax density were observed among host genera

during 14 of the 17 weeks sampled (Table 4.3). Lolium and triticum was the first hosts to
have adult O. pugnax. Lolium sustained the greatest densities of adult O. pugnax until
week 19, when Digitaria had similar densities of O. pugnax (Table 4.3). Digitaria and
Sorghum contained the highest densities of O.pugnax during week 20. The first O.
pugnax on Eriochloa were collected on week 21, and this was the greatest density
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sampled throughout 2011. O. pugnax densities declined on Eriochloa during the next
several weeks. High densities of O. pugnax were observed on Digitaria during weeks 22
to 24 (Table 4.3). Digitara and Echinochloa sustained O. pugnax longer than any other
host. When O. pugnax were found in O. sativa during week 27, densities in rice were
higher than in all other hosts. For the rest of the season, adult O. pugnax were collected
primarily from Echinochloa and Urochloa (Table 4.3). The population pattern of O.
pugnax nymphs was similar to that of the adults (Table 4.4). Lolium and Triticum were
spring hosts. Digitaria, Echinochloa, and Eriochloa were major summer hosts.
Echinochloa and Urochloa supported populations later into the season than all other hosts
(Table 4.4).
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

8.6±1.59a
14.5±1.59a
8.7±2.03a
6.2±0.50b
4.9±0.50c
-

9.5± 1.75b
8.2±1.74a
16.3±3.57ab
4.6±0.50c
32.2±6.09ab
33.5±5.11a
23.6±2.08a
12.8±2.06b
1.9±0.53bc
6.0±0.83bc
2.1±0.53b
-

DIGTA
24.7±9.34a
41.0±7.51b
20.2±1.94b
1.3±0.50c
2.0±0.33d
0
-

SOGM
83.2±14.2a
40.8±9.51a
5.5±0.84b
3.0±0.39d
6.3±0.81c
4.1±0.91b
2.8±0.44c
-

11.4±1.64c
27.6±3.87a
9.6±2.33b
16.1±1.58b 12.2±2.75c
9.4±1.18bc 8.7±1.13bc
20.5±3.08a
13.1±1.52b
3.9±0.79a
12.0±1.78b
6.0±0.82a
7.3±1.13b
8.1±1.09b
-

HOST GRASS GENERA
ERIOLA
ECHIN PASLM
46.1±7.17a
13.2±1.85a
-

SETAR

1.8±0.39d
1.1±0.31c
0
25.4±2.00a
7.2±0.76a
11.6±1.25a
15.6±1.85a
23.3±2.84

-

UROCH

45.0±7.08a
-

ORYZA

< 0.01
< 0.01
= 0.85
= 0.04
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
= 0.07
< 0.01
= 0.31
< 0.04
< 0.01
NA

P> F

Means within a week followed by the same lower case letter(s) are not significantly different (α = 0.05). Mean and standard errors
based on back-transformed data. Statistical analysis based on square root transformed data.
Note: LOLM = ryegrass, Lolium perenne L. ssp. multiflorum; TRITM = wheat, Triticum aestivum; DIGTA = crabgrass, Digitaria
spp.; ECHIN = junglerice, Echinochloa colona, and Echinochloa crus-galli; PASLM = bahiagrass, Paspalum notatum, and
dallisgrass, Paspalum dilatatum; SOGM = Johnsongrass, Sorghum halepense; ERIOLA = southwestern cupgrass, Eriochloa
acuminata, and Prairie cupgrass, Eriochloa contracta; SETAR = yellow foxtail, Setaria pumila. UROCH = Texas millet,
Urochloa texana, browntop millet, Urochloa ramosa Nguyen, and broadleaf signalgrass, Urochloa platyphylla;
ORYZA = rice,Oryza sativa.
Dash (-) = Not sampled

3.3±0.47b
1.9±0.43c
0.0±0
-

LOLM

Abundance of O. pugnax adults relative to host availability per 10 sweeps with a 38 cm diameter sweep net sampled
on ten genera of host grass species in 2011.

Julian
Week TRITM

Table 4.3
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0.4±0.22a
1.9±0.62a
0.0±0
-

0.1±0.10a
1.0±0.33a
1.3±0.30b
4.0±0.83a
1.7±0.55bc
0
-

1.2±0.36a
4.0±0.56a
0.4±0.22b
2.2±0.42b
5.8±1.19b
2.8±0.51a
12.0±2.27a
4.5±0.56a
1.0±0.36b
6.2±1.56a
2.2±0.68a
-

DIGTA
0
0.4±0.22c
1.5±0.60c
0.6±0.50b
0.4±0.16d
0
-

SOGM
20.3±3.39a
21.2±4.48a
2.5±0.50a
1.3±0.30cd
0.7±0.15b
1.5±0.45b
1.3±0.28b
0.0±0
-

1.4±0.26c
2.7±0.69a
5.2±0.95b
4.9±0.62a
5.4±0.85a
4.6±1.14a
0.3±0.30b
5.0±0.73a
2.3±0.63a
3.7±0.77a
7.2±0.13a
-

3.0±0.59a
2.5±0.48c
1.6±0.34b
-

HOST GRASS GENERA
ERIOLA ECHIN PASLM
4.4±1.00a
0.4±0.22b
-

SETAR
0.01±0.10c
0.4±0.16b
0.0±0
5.1±0.66a
1.1±0.21a
5.8±0.74a
8.6±1.11a
11.5±1.32

7.5±1.52a
-

UROCH ORYZA

=0.23
=0.35
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
= 0.93
= 0.04
= 0.08
= 0.42
NA

P> F

Means within a week followed by the same lower case letter(s) are not significantly different (α = 0.05). Mean and standard errors
based on back-transformed data. Statistical analysis based on square root transformed data.
Note: LOLM = ryegrass, Lolium perenne L. ssp. multiflorum; TRITM = wheat, Triticum aestivum; DIGTA = crabgrass, Digitaria
spp.; ECHIN = junglerice, Echinochloa colona, and Echinochloacrus-galli; PASLM = bahiagrass, Paspalum notatum, and
dallisgrass, Paspalum dilatatum; SOGM = Johnsongrass, Sorghum halepense; ERIOLA = southwestern cupgrass, Eriochloa
acuminata, and Prairie cupgrass, Eriochloa contracta; SETAR = yellow foxtail, Setaria pumila. UROCH = Texas millet,
Urochloa texana, browntop millet, Urochloa ramose Nguyen, and broadleaf signalgrass, Urochloa platyphylla;
ORYZA = rice,Oryza sativa
Dash (-) = Not sampled

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

LOLM

Abundance of O. pugnax nymphs relative to host availability per 10 sweeps with a 38 cm diameter sweep net sampled
on ten genera of host grass species in 2011.

Julian
Week TRITM

Table 4.4
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

0.4±0.22a
0.0±0.0
1.3±0.42a
1.2±0.27ab
-

1.9±0.48a
2.9±0.64a
1.5±0.54a
1.6±0.45ab
0.0±0
2.6±0.47b
1.7±0.38ab
1.8±0.49a
2.2±0.85a
0.5±0.17cd
0.0±0
4.9±0.59b
1.8±0.51b
0.0±0
-

2.1±0.40a 1.7±0.34ab
3.1±1.14a
2.4±0.78a
1.3±0.50a
2.4±0.60a
2.0±0.33a
2.0±0.47a
4.8±1.25a
3.5±0.73ab 3.6±0.47ab
0.7±0.31c
1.6±0.32ab
0.8±0.29a
0.3±0.21d 1.8±0.47b
2.5±0.44b
1.4±0.37c
1.0±0.33b
3.7±0.83a

0.7±0.26bc
2.7±0.79a
1.8±0.40a
0.8±0.21bc
0.7±0.33b
2.0±0.52b
1.0±0.29a
0.6±0.27b
2.2±0.63b
-

0.5±0.22c
4.3±1.53a
4.6±0.93a
0.8±0.20bc
3.7±0.56ab
6.7±0.76
3.3±0.53b
7.0±0.83a
4.4±0.65a

HOST GRASS GENERA
SOGM ECHIN PASLM
ERIOLA
3.7±1.25a
0.6±0.31a
2.9±0.91b
-

SETAR

P> F

= 0.09
NA
= 0.34
< 0.01
= 0.95
= 0.53
< 0.01
< 0.03
1.8±0.39b
= 0.05
2.2±0.33a
= 0.05
= 0.07
1.3±0.30ab
= 0.13
6.4±0.82a
< 0.01
6.2±1.52a
= 0.02
6.1±0.80b 19.4±1.96a < 0.01
6.6±1.36a
<0.01
8.0±0.97a
< 0.01
4.5±0.86a
= 0.74

UROCH ORYZA

Means within a week followed by the same lower case letter(s) are not significantly different (α = 0.05). Mean and standard errors
based on back-transformed data. Statistical analysis based on square root transformed data.
Note: LOLM = ryegrass, Lolium perenne L. ssp. multiflorum; TRITM = wheat, Triticum aestivum; DIGTA = crabgrass, Digitaria
spp.; ECHIN = junglerice, Echinochloa colona, and Echinochloacrus-galli; PASLM = bahiagrass, Paspalum notatum,
anddallisgrass, Paspalum dilatatum; SOGM = Johnsongrass, Sorghum halepense; ERIOLA = southwestern cupgrass, Eriochloa
acuminata, and Prairie cupgrass, Eriochloa contracta; SETAR = yellow foxtail, Setaria pumila. UROCH = Texas millet, Urochloa
texana, browntop millet, Urochloa ramosa Nguyen, and broadleaf signalgrass, Urochloa platyphylla; ORYZA = rice, Oryza sativa.
Dash (-) = Not sampled

0.0±0.0a
0.0±0.0
0.8±0.29a
0.0±0.0d
-

LOLM DIGTA

Abundance of O. pugnax adults relative to host availability per 10 sweeps with a 38 cm diameter sweep net sampled
on ten genera of host grass species in 2012.

Julian
Week TRITM

Table 4.5
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

0.0±0.0
0.0±0.0
0.0±0.0
0.8±0.15ab
1.4±0.42a
1.5±0.40a
1.1±0.31a
2.2±0.55a
0±0
1.8±0.48a
0.6±0.20a
1.2±0.29a
0.3±0.15b
0.2±0.20b
0±0
3.6±0.82ab
3.7±0.42ab
0±0
-

DIGTA
0.4±0.11bc
0.7±0.33a
0.4±0.16a
0.5±0.22bc
0.7±0.26a
0.3±0.18a
0±0
-

SOGM
0.8±0.17ab
1.4±0.40a
1.1±0.35a
1.5±0.54ab
0.7±0.30ab
1.0± 0.37a
0.4±0.20a
0.8±0.70b
1.3±0.60ab
0.9±0.28c
1.2±0.44c
1.5±0.65b
1.9±0.53b

1.6±0.52c
-

0.4±0.16bc
0.8±0.33a
0.6±0.13a
0.4±0.15c
0.3±0.21b
0.6±0.22a
0.7±0.24a
0.3±0.21b
-

SETAR

1.0±0.45abc
2.5±1.06a
1.3±0.40ab
2.1±0.46a
0.0±0.00b
0.2±0.13b
3.6±0.59a
0.8±0.20bc
6.2±1.02a
3.1±0.64bc
5.4±0.66a
4.4±0.94a
-

HOST GRASS GENERA
ECHIN PASLM
ERIOLA
0.9±0.41a
1.1±0.46a
2.1±0.57a
2.1±1.07a
3.3±0.84ab
3.0±0.45b
5.8±0.66a
4.5±0.20a
3.0±0.47ab

0.8±0.39c
-

UROCH ORYZA

NA
NA
NA
< 0.01
= 0.31
= 0.08
< 0.01
= 0.05
= 0.08
= 0.30
< 0.01
< 0.01
= 0.02
< 0.01
< 0.01
< 0.01
< 0.01
= 0.05

P> F

Means within a week followed by the same lower case letter(s) are not significantly different (α = 0.05). Mean and standard errors
based on back-transformed data. Statistical analysis based on square root transformed data.
Note: LOLM = ryegrass, Lolium perenne L. ssp. multiflorum; TRITM = wheat, Triticum aestivum; DIGTA = crabgrass, Digitaria
spp.; ECHIN = junglerice, Echinochloa colona, and Echinochloacrus-galli; PASLM = bahiagrass, Paspalum notatum,
anddallisgrass, Paspalum dilatatum; SOGM = Johnsongrass, Sorghum halepense; ERIOLA = southwestern cupgrass, Eriochloa
acuminata, and Prairie cupgrass, Eriochloa contracta; SETAR = yellow foxtail, Setaria pumila. UROCH = Texas millet, Urochloa
texana, browntop millet, Urochloa ramosa Nguyen, and broadleaf signalgrass, Urochloa platyphylla; ORYZA = rice,Oryza sativa.
Dash (-) = Not sampled

0.0±0.0
0.0±0.0
0.0±0.0
0.0±0.0
-

LOLM

Abundance of O. pugnax nymphs relative to host availability per 10 sweeps with a 38 cm diameter sweep net sampled
on ten genera of host grass species in 2012.

Julian
Week TRITM

Table 4.6
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4.5.3.2

2012
Significant differences in O. pugnax density were observed among host genera

during 10 of the 18 weeks sampled (Table 4.5). Similar to 2011, Lolium and Triticum
were the first host genera to haveadult O. pugnax. There were no significant differences
between O. pugnax densities on Lolium and Triticum during weeks 15 and 17. Lolium
however, continued to sustain adult O. pugnax into week 18, when Digitaria began to
support O. pugnax (Table 4.5). O. pugnax were found on Digitaria, Echinochloa,
Paspalum, and Sorghum from week 18 through to week 24. However, Digitaria and
Echinochloa continued to support O. pugnax densities until weeks 30 and 32,
respectively. O. pugnax were collected from Oryza only during week 29. O. pugnax
density was greater on Oryza than any other host that week. For the remainder of the
growing season, adult O. pugnax were collected primarily from Echinochloa and
Urochloa (Table 4.5). As in 2011, host grasses sustained O. pugnax nymphs in a similar
pattern to that observed with adults (Table 4.6).
4.5.4

Field parasitism of O. pugnax adults
The parasitism rate of adult O. pugnaxby B. aelops was not significantly different

between years (F = 0.71; df = 1, 39; P = 0.41). The mean monthly rate of parasitism of
adult O. pugnax by B. aelops was not significantly different between months during 2011
(F = 1.92; df = 3, 15; P = 0.17) (Table 4.7). However, themean monthly rate of
parasitism of adult O. pugnax by B. aelops was significantly different during 2012 (F =
3.36; df = 4, 17; P = 0.03). Adult parasitism of O. pugnaxby B. aelops was greater
during June and July of 2012 than during April, May, and August of 2012.
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Table 4.7

Month

LSMean (SEM) weekly number and parasitism rate of adult O. pugnax
collectedaround Washington, Sunflower, and Bolivar Counties each month
during 2011 and 2012.

April

2011
Mean weekly Parasitism
totaladult
(%)
O. pugnax
-

May

388.1 ±3.47a

1.4 ±0.87a

79.2 ±1.60bc

2.7 ±0.91ab

June

900.0 ± 3.87a

2.5 ±0.97a

88.4 ± 1.56bc

4.8 ± 0.83a

July

435.6 ± 2.94a

4.0 ±0.74a

141.6 ± 1.60ab

5.2 ± 0.90a

August

453.7 ± 4.47a

3.9 ± 1.13a

219.0 ± 1.79a

2.7 ± 1.01ab

1

1

2012
Mean weekly
Parasitism
totaladult
(%)
O. pugnax
10.9 ±2.52c
0.0 ±1.43c

Annual (%)
parasitism
3.0 ± 0.52a
3.6 ± 0.49a
Means within the same column followed by the same lower case letter are not
significantly different (α = 0.05)
1
Back-transformed means
4.6

Discussion
The total number of O. pugnax sampled across host grass species was greater in

2011 compared to 2012. Because densities were high throughout 2011, it is likely that
overwintering survival was high during the winter of 2010-2011 compared to the winter
of 2011-2012. Although the densities of O. pugnax collected from host grass species
varied between years, the periods during which grasses were used as hosts were similar in
both years. Most stink bugs, including O. pugnax, are polyphagous and feed on a broad
range of cultivated and uncultivated host plants (Jones and Sullivan 1982, Panizzi 1997).
In the current study, the general dynamics of both adult and nymph O. pugnax
populations indicated that host grass species can be categorized into four groups. The
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first category includes Lolium and Triticum that supported O. pugnax survival,
development, and reproduction early in the spring. These host grasses are winter annuals
that germinate in the fall and bear fruiting structures during the early spring in 2011.
Densities on Triticum were lower compared to Lolium during the early spring, but both
species are important in O. pugnax population dynamics. L. multiflorum was the the
most dominant host grass along roadsides, ditches and fallow fields from late winter into
early summer because it is difficult to control due to resistance to the broad spectrum
herbicide glyphosate (Bond and Eubank 2012), while Triticum was cultivated in large
acreages.
The second group includes Digitaria, Echinochloa, and Eriochloa genera that
sustained O. pugnax populations during the summer. Digitaria is an important
transitional host because it supported O. pugnax just after Lolium and Triticum and at
least two weeks earlier than the other summer annuals during 2011. E. crus-galli was
rarely found, and if found was in low densities along drainage habitats and field margins.
E. colona was more abundant in and around Mississippi rice production fields than E.
crus-galli. Perhaps, the most important role of E. colona is its ability to effectively
compete with rice for resources in rice fields, and the ability to mimic rice at the seedling
stage. When not detected early in rice fields, E. colona can attract O. pugnax into rice
fields before panicle emergence in the rice because it matures earlier than rice. An
important role of Eriochloa was its support for nymphal development as nymphal
densities on Eriochloa were often as high as or higher than on any other host.
The third group of host genera included Paspalum, Sorghum, and Setaria that
sporadically hosted O. pugnax, so likely are not critical factors impacting O. pugnax
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population dynamics. Although large numbers of O. pugnax adults were captured on S.
halepense, it was the least supportive to O. pugnax nymphs throughout the two year
study. This may be an indication of non-suitability for nymphal development. Garman
(1891) observed O. pugnax feeding on several species of Setaria and other grass
spp.consistent with the current study.
The fourth group includes three species of Urochloa; U. texana, U. ramosa, and
U. platyphylla. These were generally observed in senescing corn fields or along
abandoned cropped fields. This group appeared to serve as transitional hosts for O.
pugnax populations prior to overwintering. Hall and Teetes (1981) previously reported
U. fusca, and U. texana as hosts of O. pugnax during the months of June and July. Very
little sampling was conducted in commercial rice fields because they were regularly
sprayed to manage O. pugnax infestations. The limited number of samples suggests that
rice is a preferred host for O. pugnax.
The sequence of host grass availability was important because the preferred
feeding sites of O. pugnax change over time, so a succession of hosts is required for
successive generations during any crop season (Borges et al. 2011, Panizzi 1997).
Douglas (1939) listed seven host grass species utilized by O. pugnax in Louisiana, but
noted that the list was incomplete. Douglas and Ingram (1942) later identified ten host
grass species of O. pugnax, while Odglen and Warren (1962) listed seven cultivated and
ten uncultivated host species in Arkansas. In this study, two cultivated and 13
uncultivated host grass species representing 10 genera were identified important for the
survival and reproduction of O. pugnax in Mississippi. Admittedly, this may not be an
exhaustive list of host species fed on by O. pugnax in Mississippi. Additionally,
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mechanical and chemical management of host grasses impeded systematic sampling in
certain locations that abruptly terminated sampling in such locations. Nonetheless, the
current study has shown that the importance of host grass species was theability to sustain
O. pugnax survival, development, and reproduction until rice started to head. Odglen and
Warren (1962) observed that these host grasses could support 2 to 3 generations of O.
pugnax before moving into rice fields. Additionally, non-cultivated host grass species
thrive well in diverse environmental conditions; in and around rice fields, along highways
and ditches, cropped lands, and around cultivated fields. Douglas and Ingram (1942)
reported the preference of O. pugnaxfor vaseygrass, Paspalum urvillei Steud., over all
other uncultivated host grass species in Louisiana. In contrast, Odglen and Warren
(1962) reported the host preference of O. pugnax for E. crus-galli among the uncultivated
host species in Arkansas. Not much has been reported of the Eriochloa spp. in the host
literature of O. pugnax.
O. pugnax adults and nymphs have been reported to be parasitized by B. aelops
and Euthera tentatrix Lav. (both Diptera: Tachnidae) in Mississippi (Collum 2005).
However, adults alone were observed parasitized in this study. The contribution of B.
aelops in the control of O. pugnax is not well studied. Sutherland and Baharally (2002)
examined percentage field parasitism of B. aelops on O. poecilus, the small rice stink bug
in Latin America, and reported between 0.75 and 2.61%. In the current study, parasitism
of adult O. pugnax was not different between years and mean monthly parasitism ranged
from 1.5% to 4.6%. The effectiveness of B. aelops to control field populations of O.
pugnax has been reported to be low (Sutherland and Baharally 2002). Nonetheless, in
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combination with other biological and cultural control methods, B. aelops could help
reduce O. pugnax populations.
The current control of O. pugnax largely depends on in-crop treatment with broad
spectrum insecticide sprays that mayincrease costs of production and harm the
environment (Sudarsono et al. 1992). Manipulation of host grass species could reduce
production costs if implemented in a timely manner. The current study has demonstrated
the close relationship between host grass phenology and O. pugnax abundance. Any
management strategy aimed atdisrupting this relationship may impact O. pugnax
populations. Measures aimed at disrupting this cycle in an integrated pest management
program could reduce O. pugnax populations; thereby, minimizing rice field infestations
and treatment costs. Although Douglas (1939) argued that mowing host grasses could
increase O. pugnax infestations in adjoining rice fields. Webb (1920) noted earlier that
mowing grasses around rice fields could reduce injury in rice. It all means that timing to
mowhost grasses before flowering is important to reducing O. pugnax populations.
Odglen and Warren (1962) observed that sites with greater densities of host grasses were
more resourced and provided more food for nymphal build up, and therefore, increased
the incidence of O. pugnax injury in rice. The current study suggests that host grass
management strategies could be an important component of O. pugnax management.
Destruction of spring and early summer hosts of O. pugnaxcould reduce O. pugnax
populations later in rice. Late-season habitats that can increase O. pugnax populations
prior to overwintering could be destroyed similarly, reducing the number of O. pugnax
adults that overwinter. The role of natural enemies in the population dynamics of O.
pugnax is not well studied in Mississippi. Despite the low parasitism rate reported for B.
98

aelops in the current study, the effectiveness of other natural enemies in controlling O.
pugnax needs to be evaluated. Rice growers are well aware of the economic significance
of O. pugnax infestation in rice; however, there isneed for improved awareness of the
relationship between O. pugnaxand host grasses. This is particularly important because
of reported herbicide tolerance of some principal host grasses such as E. colona, L.
perenne and S. halepense that are not only prevalent in the landscape, but utilized by O.
pugnax in Mississippi. The ability to manage these host grasses could be one important
component of O. pugnax management that should be studied more extensively.
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CHAPTER V
HOST PREFERENCE AND SUITABILITY OF GRASSES (POACEAE) FOR Oebalus
pugnax (F.) (HEMIPTERA: PENTATOMIDAE)

5.1

Abstract
The rice stink bug, Oebalus pugnax (F.), though polyphagous, discriminates

among its numerous host grass species. This could represent a feeding preference, or it
could be related to host suitability for growth and development. To clarify the role of
host plant discrimination, two laboratory studies were conducted: 1) a free choice tests to
evaluate preferences of O. pugnax among eleven wild host grass species found in three
rice-producing counties of the central Mississippi Delta; and 2) a no choice tests to
evaluate the impact of rice,Oryza sativa L.; junglerice, Echinochloa colona (L.) Link; and
dallisgrass, Paspalum dilatatum Poir., on the development of O. pugnax from second
instar to adult. In the free-choice test, four experiments were conducted, each with four
sets of host grass species and observed 1, 2, 4, 8, and 16 hours after release in cages.
Approximately 4 hours was neccessary for O. pugnax to settle on preferred host grasses.
O. pugnax showed a feeding preference for junglerice over all 10 other grass species.
Bahiagrass, Paspalum notatum Flugge was the least preferred. The no choice tests
showed significant effects of host plant species on O. pugnax mean development time on
nymphal survival to adults. Survival of nymphs was lower and mean development time
was longer on dallisgrass compared to rice and junglerice. Knowledge of O. pugnax rate
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of growth and development on host grasses could be useful in the future development of
rice integrated pest management strategies.
Key words: Oebalus pugnax, host plants, development time, choice experiment
5.2

Introduction
The rice stink bug, Oebalus pugnax (F.), is an important pest of rice, Oryza sativa

L., in the southern United States because of its impact on grain quality and yield (Riley
1882, Sailer 1944, Bowling 1967). In general, phytophagous insects prefer to feed on
host plants or plant structures that provide the greatest nutritional quality for development
and reproduction (Molina and Trumper 2012, Scheirs et al. 2005). O. pugnax is a
polyphagous insect that feeds on a broad range of graminaceous species. However,
densities found on some hosts are greater than on other hosts (Chapter 4). This may be a
result of a feeding preference, or it may come from some other basis. Regardless, the
choice of host plant canimpact the growth and development of both nymph and adultO.
pugnax (Panizzi 1997).
Increased O. pugnax infestations in rice fields have received greater attention
recently due to the current increases in grass species in and around rice production fields.
An important aspect of O. pugnax ecology is to understand the use of alternate host plants
within its natural habitat. The rate of growth, development, and reproduction of O.
pugnax are closely associated with the availability and suitability of host grass species
(Panizzi 1997, McPherson and McPherson 2000). Pentatomids such as the southern
green stink bug, Nezara viridula (L.), and the redbanded stink bug,Piezodorus guildinii
Westwood, have been reported to survive better and develop faster when provided early
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reproductive stage (R3-R5) soybean, Glycine max Merrill, compared to later stages (R6R8) (Molina and Trumper 2012, Panizzi and Alves 1993, Fehr and Caviness 1977).
Molina and Trumper (2012) noted that food selection of herbivorous insects is
influenced by chemistry of the host plant. Because plants vary in chemical composition
and concentration, even within the same plant species (Schoonhoven et al. 2005),the
likelihood of a particular food item being chosen if offered on an equal scale with
othersimilar food types can vary (Johnson 1980). The feeding activity of O. pugnax
changes depending on developmental stage of the host plant, with grasses being most
attractive at the flowering and seed formation stages (Panizzi 1997). Several grass
species have been identified as hosts of O. pugnax (Odglen and Warren 1962, Panizzi
1997), but little is known of their suitability to O. pugnax (Odglen and Warren 1962).
Among the broad range of cultivated and non-cultivated host plants studied, rice has been
reported to be the most preferred (Odglen and Warren 1962). Naresh and Smith (1984)
conducted a feeding preference study with O. pugnax and reported vaseygrass, Paspalum
urvillei Steud., as the most preferred host over 10 other grasses. Rashid et al. (2005)
conducted an experiment on feeding preference, fecundity, and egg hatch of O. pugnax
and reported that rice and barnyardgrass, Echinochloa crus-galli (L.) P. Beauv., were
preferred over three other food sources. Tindall et al. (2004) observed greater densities
of O. pugnax in rice plots infested with barnyardgrass compared to infestations with other
host grasses. Therefore, the infestation time and density of O. pugnax in rice fields can
be influenced by the presence and developmental stage of other hostgrass species (Tindall
et al. 2004).
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Knowledge of host preference among host grasses is important to understanding
the population dynamics and movement of O. pugnax, because the majority of these
alternate host plants are in close association with rice fields. In a previous host plant
survey, eleven host grass species of O. pugnax were found in and around rice fields in
Mississippi (Chapter 4). However, little is known about the preferences of O. pugnax on
these grasses when given a choice to feed.
Cueto et al. (2001) noted that feeding preference experiments are the most
appropriate methods for assessing food suitability. Therefore, this study was designed:
(1) to evaluate O. pugnax feeding time and preference in free-choice tests on 11 host
plants; (2) to evaluate the mean development time and survival of O. pugnax second
instars to adults in no-choice tests on rice, dallisgrass,Paspalum dilatatum Poir.,and
junglerice, Echinochloa colona (L.) Link.
5.3
5.3.1

Materials and Methods
Study Area and Insect Source
These experiments were conducted under laboratory conditions at the Delta

Research and Extension Center (DREC), Stoneville MS, from May to July, 2012. O.
pugnax adults were collected from naturally occurring populations on heading wild host
grasses in and around Washington County, MS with a 38 cm diameter sweep net
(BioQuip Products, Rancho Dominguez, CA). O. pugnax were sorted after every 10
sweeps, placed in 30 cm× 30 cm × 30 cm Bugdorm cages (BioQuip Products, Rancho
Dominguez, CA) and transported to the laboratory. Prior to the test, O. pugnax were
maintained in Bugdorm cages on a 10% sugar solution for a 12hr period at 25 ºC, 60 ±
5% RH on a 14:10 L:D cycle. Bioassays included males and females tested separately.
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5.3.2

Host Plants in a Free-choice Test
Eleven (11) principal host grass species were evaluated in this study. They

included: Johnsongrass, Sorghum halepense (L.) Pers., ryegrass, Lolium perenne L.
ssp.multiflorum (Lam.) Husnot, dallisgrass, crabgrass spp., Digitaria spp. Haller, prairie
cugrass, Eriochloa contracta Hitchc., bahiagrass, Paspalum notatum Flueggé, yellow
foxtail, Setaria pumila (Poir.) Roem.& Schult., southwestern cupgrass, Eriochloa
acuminata J. Presl Kunth, broadleaf signalgrass, Urochloa platyphlla (Munro ex C.
Wright) R.D. Webster,browntop millet,Urochloa ramosa (L.) Nguyen, and junglerice.
All plants were collected from wild populations growing in and around rice fields of the
study area. Host plants were divided into four test groups based on the time of the season
when panicles were available. Four separate choice tests were done based on host plant
groups. Each test group consisted of three host plants plus junglerice. Junglerice was
included across all test groups as a standard control.
Test groups were: Test 1: Junglerice, Johnsongrass, ryegrass, and dallisgrass
tested on May 11, 2012; Test 2: Junglerice, crabgrass spp., prairie cupgrass, and
bahiagrass tested on June 15, 2012; Test 3: Junglerice, yellow foxtail, southwestern
cupgrass, and broadleaf signalgrass tested on June 26, 2012; and Test 4: Junglerice,
crabgrass spp., dallisgrass, and browntop millet tested on July 22, 2012. Excised panicles
of each host species were prepared and offered simultaneously in rearing cages (30 cm ×
30 cm × 30 cm). The cages were made from white plastic polypropylene with good
visibility on all side panels suitable for insect observation. Three of the cage side panels
were made from 16 × 24 mesh plastic screens, and the fourth side panel provided easy
access from a 16 cm diameter opening with a nylon sleeve. Host preference was
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determined by the number of individual O. pugnax adults that werefound on a host at the
time of observation. Each trial lasted 16 hrs, arranged in a randomized complete block
design (RCBD) with five replications and withrepeated observations of O. pugnax adults
at 1, 2, 4, 8, and 16 hours after release. Each cage in a test represented a replicate. The
most suitable and preferred host should retain the most O. pugnax adults (Velasco and
Walter 1992). Preference was expressed as number of O. pugnax adults found on a host
at each observation time.
To begin an assay, panicles of individual host grass species were excised to equal
heights of approximately 5-6 cm. Five (5) excised panicles were placed in 37.0 ml clear
Solo plastic cups (T125 0090 Solo Cup Co., Highland Park, IL) with water to
minimizedessication. Panicles were then assigned at random to one of the four corners of
each cage. Five O. pugnax adults were placed on a petri dishe (5 × 900 mm) in the center
of the cage, and allowed free choice of the four host grass species. Male and female O.
pugnax adults were tested separately in five replicates, with each cage being a replicate.
Cages were left undisturbed during and after each period of observation.
5.3.3

Nymphal Development in a No-choice Test
O. pugnax second instar nymphs were evaluated for survival and development

rate to adulthood on rice, junglerice, and dallisgrass in a no-choice test. Junglerice and
dallisgrass were chosen because they were previously reported as the most preferred wild
hosts for O. pugnax and they were common throughout Mississippi (Naresh and Smith
1984, Odglen and Warren 1962). These two host grasses were compared torice, which is
widely accepted as the most preferred host of O. pugnax. Second instars were used
because first instars do not feed (Bowling 1979). Additionally, first instars are delicate
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and may suffer high mortality when disturbed. The source of the second instar nymphs
was numerous egg masses oviposited within a 24 h period from a laboratory colony.
These eggs were placed in a petri dish with a moist cotton ball to hatch. Eggs hatched
within 4 days after incubation, and left two additional days before being used in the
experiment. Prepared panicles were mounted in plastic cups (T125 0090 Solo Cup Co.,
Highland Park, IL) that contained water to minimize dessication of the panicles. A
plastic cup contained five prepared panicles of each host grass species to be tested.
Plastic cups with prepared panicles were placed in 3.8 liter cardboard containers that
were 16.5 cm diameter by 16 cm deep (Ridgid Paper Tube Corporation, Wayne, N. J). A
fine paint brush was used to introduce individual O. pugnax second instar nymphs gently
onto each host grass species that was placed at the center of each container. Batches of
fifteen second instar O. pugnax were released into each container that contained one host
grass species and reared to adulthood. The containers were covered with white polyester
netting to prevent O. pugnax escape (61cm × 51 cm) (BioQuip Products,Rancho
Dominguez, CA. A moist cotton ballwas placed in a petri dish (The Scientific Company,
Denver, CO) and placed in the containers to provide humidity. This experiment was
arranged in a randomized complete block design (RCBD) with three host grass species in
four replications. The same containers were used throughout the experiment, but cleaned
twice weekly. Panicles of host grass species were also replaced twice weekly. The
containers were placed in a rearing chamber and maintained at25±1º C and 60 ± 5%
relative humidity on a 14L:10D cycle and monitored dailyto record time to adult and
mortality. Any O. pugnax nymph that molted into an adult was removed from the test
arena until all had developed into adults.
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5.3.4

Data Analysis
In the free-choice study, initial analysis examined the role of sex of O. pugnax in

determining host feeding preference. Because it was not a significant factor, sex was
included in the model as a random effect. All analyses were conducted by test with a
repeated measures statement to determine feeding time and host preference. Two
separate analyses were conducted. In the first analysis, all O. pugnax were included and
the cage was considered one of the possible hosts. In the second analysis, only O.
pugnax observed on panicles were included. Because Junglerice was the control
treatment, the relative preference of host species in each experiment was evaluated as a
percentage of Junglerice rice (100%). The relative preference ratings from all
experiments were then pooled and compared with Junglerice for a common preference
ranking of all host grass species. In free choice analyses, post-release time (hr), host
grass, and their interactions were included in the model as fixed effects. The replication
by O. pugnaxsex was included as a random effect.
In the no-choice study, nymphal survival to adulthood was evaluated by
expressing the number of O. pugnax second instar nymphs that survived to adulthood as a
percentage of the initial number of second instar nymphs tested per host. The mean
development time (days) of O. pugnax second instar nymphs reared to adulthood was
evaluated using the formula proposed by Booker (1967):
Mean Development Time (MDT) = X1Y1 + X2Y2 + X3Y3 + ……. + XnYn
Total no. of nymphs that turned adults
where; X = number of nymphs that turned adults per day;
Y = number of days from the start of experiment; and
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(5.1)

1, 2 and n are the first, second and the last day of experiment, respectively.
Analysis of variance (ANOVA) was applied to detect mean differences among
host plants. Means and standard errors were calculated by LSMEANS and separated
according to Fisher’s Protected Least Significance Difference (LSD) (α=0.05).
5.4
5.4.1

Results
Host Plant Preference in Free-choice Test
Preference of O. pugnax among the 11 host grass species was not significantly

influenced by the sex*host* post-release time (hr) interaction in all four tests: Test1 (F =
0.14; df = 12, 160; P=1.00), Test 2 (F = 0.19; df = 12, 160; P=1.00), Test 3 (F = 0.27; df
= 12, 160; P=0.99), and Test 4 (F = 0.47; df = 12, 160; P =0.93). In all four tests, the
main effect of sex wasnot significant: Test 1 (F = 1.13; df = 1, 160; P=0.29), Test 2 (F =
2.96; df = 1, 160; P=0.09), Test 3 (F = 2.00; df = 1, 160; P=0.16), and Test 4 (F = 0.03; df
= 1, 160; P=0.85). Therefore, sex was moved to being a random effect in the model and
the data were re-analyzed. There was a significant post-release time by host grass
interaction for all four tests when O. pugnax adults on cage walls were included in the
analysis as a possible host: Test 1 (F = 4.32; df = 16, 80; P<0.01), Test 2 (F = 2.24; df =
16, 80; P< 0.01), Test 3 (F = 7.86; df = 16, 80; P<0.01), and Test 4 (F = 3.19; df = 16, 80;
P< 0.01). The mean number of O. pugnax on host grasses increased at laterpost-release
times (Figure 5.1).
When O. pugnax found on the cage walls were excluded from the data, there was
no significant post-release time by host grass interaction in any test: Test 1 (F = 0.55; df =
12, 64; P=0.87), Test 2 (F = 0.64; df = 12, 64; P=0.80), Test 3 (F = 1.12; df = 12, 64;
P=0.36), and Test 4 (F = 0.79; df = 12, 64; P=0.66).
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Figure 5.1

Mean (SEM) number of O. pugnax on host plants compared with cage
walls at each time of observation

Test 1 (A), Test 2 (B), Test 3 (C), and Test 4 (D).
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Test 1: Mean (SEM) number of O. pugnax adults observed on junglerice
(JLR), dallisgrass (DLG) Johnsongrass (JNG), and Italian ryegrass (RYG) at
1, 2, 4, 8, and 16 hrs after release.

Table 5.1

Host

Time of observation after release (hours)
1

2

4

8

1.2(0.26)

1.3(0.27)

1.7(0.27)

1.6(0.27)

1.7(0.26) 1.5(0.20)A

100

DLG 1.1(0.26)

1.2(0.27)

1.3(0.27)

1.4(0.27)

1.4(0.26) 1.3(0.20)AB

82

RYG 0.4(0.26)

0.5(0.27)

1.1(0.27)

1.1(0.27)

1.3(0.26) 0.9(0.20)BC

76

JNG

0.7(0.27)

0.7(0.27)

0.7(0.27)

0.7(0.26) 0.7(0.20)C

41

JLR

0.5(0.26)

16

Mean

%
Relative
preference

Mean 0.8(0.13)c 0.9(0.13)bc 1.2(0.14)a 1.2(0.13)ab 1.3 (0.13)a
Means within a row followed by the same lower case letter or within a column
followed by the same uppercase letter are not significantly different (α = 0.05).
Test 2: Mean (SEM) number of O. pugnax adults observed on junglerice
(JGR), crabgrass (CBG), bahiagrass (BHG), and prairie cupgrass (PCG) at
1, 2, 4, 8, and 16 hrs after release.

Table 5.2

Host

Time of observation after release (hours)

%
Relative
preference

1

2

4

8

16

Mean

1.2(0.25)

1.0(0.25)

1.5(0.25)

1.4(0.25)

1.7(0.25)

1.4(0.14)A

CBG 0.8(0.25)

1.1(0.25)

1.1(0.25)

1.1(0.25)

1.2(0.25) 1.1(0.14)AB

71

PCG 0.4(0.25)

0.7(0.25)

1.1(0.25)

1.1(0.25)

0.9(0.25)

0.8(0.14)B

53

BHG 0.7(0.25)

0.7(0.25)

0.6(0.25)

0.7(0.25)

0.6(0.25)

0.7(0.14)B

35

JLR

Mean0.8(0.12)a 0.9(0.12)a 1.1(0.12)a 1.1(0.12)a 1.1(0.12)a
Means within a row followed by the same lower case letter or within a column
followed by the same uppercase letter are not significantly different (α = 0.05)
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100

Test 3: Mean (SEM) number of O. pugnax adults observed on junglerice
(JGR), broadleaf signalgrass (BLS), yellow foxtail (YFT), and southwestern
cupgrass (SWG) at 1, 2, 4, 8, and 16 hrs after release.

Table 5.3

Host

Time of observation after release (hours)
1

2

4

8

0.9(0.32)

1.0(0.34)

1.1(0.34)

1.6(0.34)

1.8(0.32) 1.3(0.29)A

100

SWG 0.5(0.32)

0.7(0.34)

1.2(0.34)

1.1(0.34)

1.2(0.32) 0.9(0.29)A

69

BLS

0.1(0.32)

0.4(0.34)

0.4(0.34)

0.9(0.34)

1.0(0.32) 0.6(0.29)A

46

YFT 0.5(0.32)

0.6(0.34)

0.6(0.34)

0.5(0.34)

0.6(0.32) 0.6(0.29)A

46

JLR

16

Mean

%
Relative
preference

Mean0.5(0.16)d 0.7(0.17)cd 0.8(0.17)bc 1.0(0.17)ab 1.2(0.16)a
Means within a row followed by the same lower case letter or within a column
followed by the same uppercase letter are not significantly different (α = 0.05)
Test 4: Mean (SEM) number of O. pugnax adults observed on junglerice
(JGR), crabgrass (CBG), dallisgrass (DLG), and browntop millet (BTM) at
1, 2, 4, 8, and 16 hrs after release.

Table 5.4

Host

Time of observation after release (hours)
1

2

4

8

0.9(0.24)

1.3(0.24)

1.6(0.24)

1.7(0.24)

1.6(0.24) 1.4(0.15)A

100

DLG 0.7(0.24)

1.0(0.24)

1.1(0.24)

1.2(0.24)

1.1(0.24) 1.0(0.15)AB

71

CBG 0.8(0.24)

0.4(0.24)

0.8(0.24)

1.0(0.24)

1.0(0.24) 0.8(0.15)BC

57

JLR

BTM 0.5(0.24)

0.3(0.24)

0.5(0.24)

0.4(0.24)

16

0.8(0.24)

Mean

%
Relative
preference

0.5(0.15)C 36

Mean 0.7(0.12)a 0.8(0.12)a 1.0(0.12)a 1.1(0.12)a 1.1(0.12)a
Means within a row followed by the same lower case letter or within a column
followed by the same uppercase letter are not significantly different (α = 0.05)
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The effect of post release time on O. pugnax adults was significant when averaged
across host grasses in Test 1 as more adults were found on host grasses at higher post
release time (F = 3.02; df = 4, 64; P=0.02) (Table 5.1). The number of O. pugnax adults
observed across post-release time was greater on junglerice compared with Johnsongrass
and ryegrass (F = 3.67; df = 3, 16; P = 0.03) (Table 5.1). However, dallisgrass was not
significantly different from junglerice with a relative rating preference of 82 % (Table
5.1).
Post-release time was not significant for the average number of O. pugnax adults
observed on host grasses in Test 2 (F = 1.54; df = 4, 64; P=0.20). In test 2, the average
number of O. pugnax adults was higher on junglerice compared with bahiagrass and
prairie cupgrass, but not different from crabgrass which had a preference rating of 71%
(F = 4.39; df = 3, 16; P = 0.02) (Table 5.2).
In Test 3, the average number of O. pugnax adults was higher at 8 hr and 16 hr of
post-release time compared to 1 hr and 2 hr (F = 5.75; df = 4, 64; P<0.01) (Table 5.3).
However, there was no significant difference among host grasses on the average number
of O. pugnax observed across post-release times (F = 1.44; df = 3, 16; P = 0.27). Postrelease time was not significant on the average number of O. pugnax adults observed on
host grasses in Test 4 (F = 2.37; df = 4, 64; P=0.06). There was however, a significant
effect of host grasses on the average number of O. pugnax adults observed across postrelease times (F = 6.61; df = 3, 16; P< 0.01). The number of O. pugnax adults was
greater on junglerice compared with crabgrass and browntop millet, but was not different
from dallisgrass (Table 5.4).
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Table 5.5

Percentage relative preference and preference ranking of O. pugnax among
host grasses tested in four separate tests.

Host
1

Junglerice

Test

Rank preference

1,2,3,4

100

1

1&4

77

2

Ryegrass

1

76

3

Southwestern cupgrass

3

69

4

2&4

63

5

Prairie cupgrass

2

53

6

Yellow foxtail

3

46

7

Broadleaf signalgrass

3

46

7

Johnsongrass

1

41

8

Browntop millet

4

36

9

Bahiagrass
Average of all tests

2

35

10

1

1

1

% Relative
preference

Dalligrass

Crabgrass

All host grasses across the four tests were ranked relative to junglerice as the
standard control (Table 5.5). Junglerice was the most preferred host followed by
dalligrass (77 %), ryegrass (76 %), and southwestern cupgrass (69%). Bahiagrass (35%)
was the least preferred among the host plants tested (Table 5.5).
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Figure 5.2

Mean (SEM) percentage survival of O. pugnax nymphs reared from second
instar to adult on rice, junglerice, and dallisgrass.

Figure 5.3

Mean (SEM) development time of O. pugnax nymphs reared from second
instar to adult on rice, junglerice, and dallisgrass.

5.4.2

Nymphal Development in No-choice Test
Survival of O. pugnax nymphs reared from second instar to adult was impacted by

host plant (F = 41.19; df = 2, 237; P< 0.01) (Figure 5.2). O. pugnax nymphs
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survived better when reared to adults on rice compared with junglerice and dallisgrass
(Figure 5.2). Survival was also better on junglerice than on dalligrass.
The mean developmental time of O. pugnax reared from second instars to adults
was significantly shorter for O. pugnax nymphs reared on rice than on dalligrass or
junglerice (F = 7.60; df = 2, 9; P = 0.01) (Figure 5.3). Development time was shorter on
junglerice than on dalligrass (Figure 5.3).
5.5

Discussion
Studies on feeding preference where two or more food sources are provided at the

same time to organisms are common in the ecological literature. Compared to other
pentatomids, limited host preference studies have been conducted on O. pugnax. Naresh
and Smith (1984) conducted host preference studies on O. pugnax with 11 host grasses
and observed that the number of adults doubled from 1 hr to 6 hr after release across host
grasses. Consistent with this observation, approximately 80% of O. pugnax adults were
observed on host grasses by 4 hrs after release.
Researchers have cited rice as the most preferred host for O. pugnax among the
cultivated and non-cultivated species for both nymphal development and adult
reproduction (Bowling 1963, Webb 1920). Studies among wild host grasses have
suggested that O. pugnax preferred to feed on vaseygrass, Paspalum urvillei (Douglas
and Ingram 1942, Naresh and Smith 1984) or barnyardgrass, Echinochloa crus-galli
(Rashid et al. 2005, Odglen and Warren 1962). In the choice tests in the current study,
there was a clear and consistent preference of adult O. pugnax for junglerice over all
other wild hosts. However, vaseygrass and barnyardgrass were not tested because the
grasses were either not available or were not major host species within the study area.
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Because barnyardgrass and junglerice are both in the Echinochloa genus, it is possible
that both host grasses are similarly suitable for O. pugnax. Rice was not included in the
choice tests, but survival and development on rice exceeded junglerice.
Despite the numerous host plants identified in Mississippi, the current study has
demonstrated that not all host plants supported individuals of O. pugnaxequally. Rashid
et al. (2005) reported longer mean development time of O. pugnax reared on dallisgrass
compared to rice flour diet, ryegrass and barnyardgrass. In the current study, O. pugnax
preferentially moved to some host grass more than others. It was not clear; however,
what chemical or physical characteristics of the host plant caused this attraction or
repellency (Molina et al. 2012, Singh et al. 2006).
The no choice test demonstrated that rice was a more suitable host over junglerice
and dallisgrass, consistent with previous observations. The percentage of nymphal
survival was higher while mean development time shorter for nymphs reared on rice.
Hamm (2011) reported shorter mean development time and greater body weight when
nymphs were reared from first instars to adults on rice than when reared on barnyardgrass
or Amazon sprangletop, Leptochloa panicoides. The preference of O. pugnax for
junglerice over other wild grasses as observed in this research combined with other
research showing barnyardgrass to be a highly preferred host emphasizes the importance
of the Echinochloa genus in O. pugnax management. Barnyardgrass and junglerice are
major species of the Echinochloa genus found in and around Mississippi rice fields.
Furthermore, these species resemble rice at the seedling stage, making timely weed
control difficult, especially in broadcast seeded conditions (Chauhan and Abugho 2011).
Additionally, the reported resistances of barnyardgrass to propanil herbicide in
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Mississippi makes herbicidal control of this weed more difficult (Allen et al. 1995). The
distinct preference of O. pugnax for junglerice over other wild hosts in Mississippi could
cause movement of O. pugnax from wild host plants into rice fields infested with
junglerice. Research findings have demonstrated that barnyardgrass or junglerice
growing in close association with rice canincrease densities of O. pugnax four-fold in rice
fields (Tindall et al. 2004). Removal of these host grasses at early stages in and around
rice production fields mechanically, physically, or by chemical means could minimize O.
pugnax infestations in rice fields. Furthermore, timely herbicide and flood application to
control weeds in rice production fields could prevent early attraction of O. pugnax into
rice fields.
In conclusion, the current study provides a hierarchal host preference of O.
pugnax among the principal host grasses identified in and around the Mississippi rice
production area. Managing the growth and abundance of these host grasses around rice
fields may reduce O. pugnax populations, which may reduce the need for insecticidal
control of O. pugnax in rice and may reduce yield losses and the incidence of pecky rice
in commercial rice fields. Further studies are needed to examine the benefits of host
grass management on population dynamics of this pest.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

The rice stink bug, Oebalus pugnax (F.), is an important late season pest of
riceinall production regions of the U.S., except California. Yield losses and reduced
grain quality are the two major problems when rice fields are infested with O. pugnax.
The continuous cultivation of rice and the increased abundance of wild host grasses in
Mississippi appear to impact O. pugnax populations, leading to increased rice injury. The
objectives were: 1) to determine the impact of adult O. pugnax infestation on rice yield
and quality at three panicle development stages (bloom, milk, and soft dough; 2) to
identify and examine the seasonal abundance and phenology of O. pugnax relative to host
plants and; 3) to evaluate host feeding preference and relative development of O. pugnax
on host grasses.
The research conducted for the first objective revealed that there were fewer
undamaged kernels and more blank kernels when rice was infested during the bloom
stage, while the percentage of damaged kernels was greater when rice was infested during
the milk stage. O. pugnax infestations during bloom and milk stages reduced yield.
These trends suggest that the bloom and milk stages are the most critical stages for O.
pugnax injury in rice. Feeding injury during the milk stage became significant after 3 d
of infestation. Females caused more blank kernels than males. However, the percentage
of damaged kernels was similar between female and male.
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To address the seasonal abundance and phenology, densities of O. pugnax were
evaluated on two cultivated and twelve wild host grasses during 2011 and 2012. Overall
densities were lower in 2012 than in 2011. Host grass species that supported the
development and reproduction of O. pugnax were categorized as supportive to O. pugnax
from overwintering, sustained O. pugnax during summer, sustained O. pugnax to
overwinter, and sporadic hosts. The abundance of Italian ryegrass in the central
Mississippi Delta was recognized as an important component of O. pugnax population
dynamics during the spring and early summer. Junglerice, crabgrass spp., southwestern
cupgrass, and praire cupgrass were among the host grasses that enhanced the
development and reproduction of O. pugnax in summer. Browntop millet and broadleaf
signalgrass were important in population build-up prior to overwintering. In a freechoice test, O. pugnax displayed a distinct feeding preference for junglerice over all 10
other grass species. In a no-choice study, survival of O. pugnax nymphs was lower, and
mean development time was longer on dallisgrass compared to rice and junglerice.
In conclusion, although rice growers are well aware of the economic significance
of O. pugnax infestations in rice, there is need for increased awareness of host grass
sequence and host phenology relative to O. pugnax abundance. The abundance of
herbicide-resistant host grasses such as junglerice, Johnsongrass, and ryegrass could be
major problems because of their ability to support greater numbers of O. pugnax.
Management strategies aimed at preventing the growth of these host plants in and around
rice fields could help reduce yield losses and improve grain quality. The potential of
increased O. pugnax populations also means that monitoring during the first three
weeksof panicle emergence, should be at least twice weekly to reduce the incidence of
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pecky rice. This study has contributed to a better understanding of the relationship
between O. pugnax and rice injury at various stages of panicle development, and the
nature of O. pugnax ecology in relation to host abundance and suitability. Therefore, the
results presented in this study are: 1) initial steps to improving economic thresholds
forthis pest in rice in Mississippi: 2) helpful in the future development of management
strategies for O. pugnax in Mississippi in an integrated pest management system.
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